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2. Books may be sent through the post, or by some equivalent 
means of carriage, upon a written order. All charges of carriage 
to the Institute shall be defrayed by the borrower. 


3. A borrower may not have more than three volumes:in his 
possession at one time. ‘ 


4. A borrower will be considered liable for the value of any 
book lost or damaged while on loan to him, and if it be. a separate 
volume, for the value of the whole work rendered imperfect. 

Marking or writing in the volumes is not permitted, and 

_ borrowers are requested to call attention to damage of this 
character. 


5. Books may be retained for 28 days. Periodicals may be 
retained for ]4 days. Applications for extension of the loan 
period must be made in writing before its expiry. No book 
may be kept longer than 3 months. 

New books will not be lent until after the expiration of one 
month from the date of their having been received by the . 
Institute. The current number of a periodical may not be 
borrowed. “ 


6. Borrowers retaining books longer than the time specified, 
and neglecting to return them when demanded, forfeit the 
right to borrow books until the volume or volumes be returned, 
and for such. further time as may be ordered. 
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PARLIAMENT MANSIONS, 
VICTORIA STREET, WESTMINSTER, ©. W., 
June 29th, 1903. 


TO THE ROYAL COMMISSION ON SEWAGE DISPOSAL. 


My Lorp And GENTLEMEN, 


In order to supply the information required as to the effects of rainfall 
on sewers it should be observed that there are other things beside rainfall 
that affect the rate of the fluctuation of the flowin sewers. The quantity 
and distribution of the water supply has a material effect on the flow in 
sewers. In districts in which there is a considerable waste of water going 
on, the flow of the sewers is much more uniform than in districts in which 
there isno waste, Ifthe water supply of the district is constant there is 
less fluctuation in the flow in the sewers than in those districts in which the 
water supply is intermittent and distributed to the district in a few hours 

er day. 

; There is a daily difference in the volume of sewage produced in all 
towns ; usually the largest volume occurs on Mondays, Tuesdays or Saturdays 
and the least on Sundays. In areas of limited size about one half the 
sewage flows away in eight hours; the rate of flow in the minimum eight 
hours of flow is about one half the average rate of flow and the quantity 
about one third of that flowing in the eight hours of maximum flow ; for the 
remaining eight hours of the day the flow is about at the average rate. 

It should also be observed that snow and frost exercise an influence 
upon the flow in sewers. Snow does not effect the gaugings while it lies on 
the ground, but in times of thaw, accompanied by rain, it will cause an 
increase in the flow of the sewers which is spread over a longer period 
than that due to the time the rain actually falls. In times of frost, more 
water is used and passed into the sewers, as it is found that people will leave 
their taps running to prevent their water pipes from freezing, especially at 
night, and the sewage proper tends to increase, and becomes more uniform 
in flow, but in time of frost the surface water, which otherwise would pass 
into the sewers, is locked up, and for a time is prevented from entering the 
sewers. As arule on a wet day the volume of sewage proper is less, as less 
water is used which produces the sewage, so that the fluctuation caused by 
rain becomes greater on a wet day. The effect of turning manufacturing 
refuse into the sewers often has the effect of suddenly increasing the flow of 
sewage at particular times of the day or night. 

The size of the district contributing rainfall and sewage greatly 
influences the volume flowing in the sewers. If the district is very large 
and the sewers long, the effect of sewage and rainfall passing into the sewers 
near the outfall will be that it will flow off long before the distant sewage 
and rain can arrive at the point of outfall. The effect therefore of the length 
of the sewer is to defer the flow and spread the discharge over a longer 
period than the time of actual rainfall. The time of maximum flow in a 
sewer is usually about 15 hours before the time of mimimum flow, but the 
time of minimum flow is but nine hours before the time of maximum flow. 
If the flow was deferred 15 hours the maximum distant sewage and rainfall 
would arrive when the sewers near the outfall were carrying their minimum 
quantity ; the maximum distant quantity being superimposed on the near 
minimum quantity, and consequently a uniformity of flow takes place. Just 
the same at the period when the distant minimum flow takes place, if the 
flow is deferred nine hours, it would arrive at the point of outfall at the time 
when the maximum quantity near the outfall is flowing away, which also 
has the effect of rendering the flow in the sewers uniform. 

Leakage into a sewer has a most material effect in diminishing the rate 
of fluctuation of flow in a sewer. Whenever there is subsoil water in ‘the 
ground, and it is exceptional not to find it, and as the generality of sewers 
more or less leak, unless specially designed to prevent leakage, as the 
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materials of which sewers and drains are usually constructed will not stand 
the constant contraction and expansion to which they are subjected in the 
course of a year due to seasonable changes of temperature without forming 
openings for leakage into them. Many of the sewers which were constructed 
in years gone by in London and other places, were designed to admit sub- 
soil water. Pipe sewers have been largely used made of fireclay or stone- 
ware, and these, in many cases, in past. years, were jointed with clay, indeed 
at one time it was an instruction of the Government Department having 
cognisance of and having to sanction the “expenditure incurred in the 
construction of sewers, that pipe sewers should be so jointed. Such clay 
jointed pipe sewers always leak, and direct openings are formed by the 
settlement of the spigot within the socket of the pipe. Many of the pipe 
sewers of Croydon were, and are, still jointed with clay, and the Croydon 
Authorities, to the writer’s knowledge, although they were advised that it 
was wrong so to joint sewers, continued this mode of construction, as they 
would not incur the slight additional expense of jointing them in cement and 
tarred gasket, a method which the writer introduced in order to make better 
and more watertight sewers than had hitherto been constructed. 


In order to measure the true fluctuation caused by rain in sewers it is 
necessary to know whether or not the sewers do contain subsoil water, and 
to what extent, which by adding to the daily fiow in the sewers thereby 
diminishes the rate of fluctuation of the flow in the sewers. 


It is no doubt a sanitary advantage to have the subsoil water removed 
from the site of a town. A leaky sewer is a sanitary sewer so long as the 
flow is always inwards, but a leaky sewer that will pollute the subsoil or sub- 
soil water is dangerous. Leakage is greatest in sewers as a rule in the late 
winter and early spring of the year, and least in the autumn or early winter 


As there is a constant variation going on in the flow through sewers, 
due to the fluctuating character of the flow in the sewers, it is difficult to 
say what the precise quantity due to rainfall in a sewer will be at any 
particular hour. The writer has known sewers in small districts in which 
the ordinary variation of flow in dry weather between the hour of maximum 
flow and the hour of minimum flow has varied as 8 to 1, and in all places 
there is a constant fluctuation in the rate of the flow in the sewers. | 


It should also be noted that a certain amount of rain must fallin order 
to saturate the surface of the ground before any rain can flow off, and 


therefore some small rains in dry weather do not affect the sewers © 


at all. The sewers are always affected for a less number of days in 
the year than those on which rain falls. All the rain that falls — 
does not flow off and this is one of the important points to be determined as 
to the volume of sewage and rainfall which ultimately has to be treated 
at the point of outfall. From experiments which the writer has made, the 
greatest amount of rain which flows off from a slated roof in the course of a 
year does not exceed 80 per cent. of the actual rainfall. In other cases the 
quantity falling upon other surfaces, such as streets, roads, gardens, and 
yards, is very much less in proportion to that falling upon a slated roof. It 
has been observed that only a portion of the rain that falls passes into the 
sewers, and the rest is evaporated, absorbed, or otherwise lost. The conse- 
quence is that the provision to be made for rainfall in sewers is always 
considerably less than the actual rainfall, J 

In the case of the Croydon sewers, in four years 1879 tc 1882, the 
actual average rate at which rain fell was 3-93 cubic feet per acre per 
minute. Now, if only two-thirds of this quantity flowed off, the provision 
for rainiall would be reduced to 2°62 cubic feet per acre per minute, or if 
only one-third of the rain flowed off, the provision for rainfall would be 
reduced to 1°31 cubic feet per acre per minute. It will hereafter be seen 
that the actual quantity of rain flowing off by the sewers of Croydon in 
seven years 1880 to 1886 was but 38°92 per cent. of the actual rainfall. 

The rate at which rain flows off the ground, is an extremely variable 
quantity, as 1t varies with the geological character of the district, the slope 
of its surface, and with the size of the district draining to the sewers, and 


also as to whether or not there are any special provisions in the town for 
intercepting the rainfall from the sewers. 
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_ In order to determine the proportion of rain which flows off the surface by 
the sewers, the writer has had experiments made at different times and at 
various places, as for example :—In the town of Rhyl, North Wales, for two 
- entire years, 1900 and 1901, the results of which are given in Tables Nos. 1 
and 2. The whole of the sewage and rainfall of Rhyl is pumped and the 
volume is accurately known. The area from which the rainfall is contri- 
buted to the sewers is 152 acres, and the results given in these Tables shew 
that the rainfall flowing off was, in the year 1900 equal to 34°39 per cent. of 
the dry weather flow of the sewage, and 30°6 per cent. of the dry weather 
flow of the sewage in the year 1901, or an average of 32°5 per cent. of the 
dry weather flow in the two years. 

_ In this case the increase due to rainfall is calculated on the quantity of 
sewage pumped on the dry days, and contains a certain amount of leakage, 
for when compared with the volume of water supply furnished to the district, 
the percentage of rain flowing off in the year 1900, was 46°37 per cent., and 
in 1901, 38°34 per cent., or an average over the two years of 42°35 per cent. 
including the water entering from the subsoil. The volume of dry weather 
sewage in 1900 was 40°69 gallons per head per day, while the water supply 
was 30°18 gallons per head per day. The volume of dry weather sewage in 
the year 1901 was 39:27 gallons per head per: day, while the water 
supply was 31°39 gallons per head per day, calculated on a population of 
8,300 in 1900, and 8,500 in 1901.* The rainfall for the year 1900 was 26°52 
inches, of which 12-296 inches in depth flowed off by the sewers exclusive of 
leakage, which was equal to 46°37 per cent. of the actual rainfall in the 
year 


off by the sewers exclusive of leakage which was equal to 52:92 per cent. of 
the actual rainfall in the year. & 

In the town of Deal, all the sewage of which is pumped, and which at 
the time of observation had an area of 100 acres draining to the sewers, 
Table No. 3 gives the results of 18 months pumping, ending February, 1903. 
The percentage of rain flowing off, compared with the water supply, was 
22°87 per cent., and 20°35 per cent of the dry weather flow of the sewers ; 
the actual rain falling at the sewage pumping station was 33°525 inches, and 
the rain flowing off 13°71 inches, or 40°89 per cent. of the rain falling flowed 
off by the sewers. i‘ is ce 

In the case of Croydon, gaugings extending over seven years and _ here- 
after dealt with, the percentage of rain flowing off was found over this long 
period to be 38°92, varying from 43°36 per cent. in 1880, to 36°12 per cent. in 
1881. 

Having regard to the importance of determining the provision to be 
made for rainfall in sewers and in other hydraulic works, the writer devised 
a recording rain gauge in the year 1878, which records the time when rain 
falls, the quantity of rain falling, and consequently the rate at which rain 
falls, and this rain gauge has been working at Croydon continuously from the 
year 1879 to the present time. The first results recorded by this gauge 
were published in Symons’ British Rainfall for the year 1880, and gave the 
results of rainfalls occurring between March, 1879, and April, 1881, from which 
it will be seen that the rates of rainfall are sometimes extremely heavy, as 
on one occasion the rate of fall, if it had continued for 24 hours, would have 
been equal to a daily fall of 37:44 inches, but fortunately on this occasion 
the quantity falling was small, 13 of an inch, which fell in five minutes on 
the 10th of July, 1880. During the thunderstorm that visited Croydon on 
30th May, 1903, ‘80 inches of rain fell in 15 minutes, or the rain fell at the 
rate of 76°8 inches in 24 hours. The total fall in this day was 1°85 inches, 
which fell in 2°84 hours. The maximum rate of fall exceeded the average 
ratey of fall by 64 times, which is the greatest rate of fluctuation that has 
been observed at Croydon. 

Further particulars of the rate of rainfall and the eftect upon the 
Croydon sewers were given by the writer in evidence before the Royal 
Commission on Thames Sewage Discharge. In that case the rate of rain 


* Note.—The population of Rhyl is considerably increased by visitors in the summer time. 
The volume of sewage includes the visitors and is calculated on the permanent population only. 
t The average rate in this case is the average of the last 13 years or ‘05 inches per hour. 
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falling and the way in which the sewers of Croydon were affected by the 
rain were duly recorded. It should, however, be observed with reference 
to these observations on the Croydon outfall sewer, the gaugings of which 
have been carried on continuously from 1878 to 1888, was with the view of 
arriving at the amount of spring waters in the sewers as forming part of the 
yield of the drainage area of the Croydon branch of the River Wandle, which 
has been under the writer’s observation in order to determine the quantity 
of water the area of chalk yielded, and also to discover the precise rate of 
fluctuation of the yield of water from such area from time to time. In the 
tables supplied to the Royal Commision on Thames Sewage Discharge of 
the relative number of volumes of sewage flowing, the amount of leakage or 
spring waters in the sewers has not been deducted, which should be the case 
if the true effect of rainfall on the sewage proper is to be determined. 

Since the writer’s Croydon recording rain gauge was put to work, 
several recording rain gauges have been started to work, which show that 
universally rain falls in a limited time, and that it is the rate at which it falls 
and flows off that has to be dealt with in works of sewerage.and sewage 
disposal as in other engineering works. 

The records as to the rate at which rain falls and flows off are of great’ 
importance, and it would be desirable to get these records extended all over 
the country. 

At Southport a recording rain gauge has been at work for some time 
recording the rate at which rain has fallen each year, the record having been 
kept by Mr. Joseph Baxendell, the Borough Meteorologist. These results 
for four years 1898-1901 are given in the following table :— 








1898. | 1899. 1900. 
Num- | Num. Num- Num- 
—— ber of | Time ber of | Time ber of | Time ber of | Time - 
Rain- | days} rain | Rain- | days} rain | Rain- | days | rain | Rain- | days | rain 
fall. |-O1 or} fell. | fall. |-01 or| fell. | fall. |-01 or| fell. | fall. |-01 or | fell. 


Inches. | more 
fell. 





Hours.jInches. | more |Hours.|Inches. | more |Hours.{Inches. | more Hours, 
fell. fell. fell. 


} 
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September -| 1:48] 10] 23] 3°87] 19] 41 "86 }) TON 
October - - | 3°46 16 | 55] 3:09 12)) -53 2°92 18 | 43 
November -| 3:02] 18] 58] 2:08] 14] 16 4:29] 11] 58 ” 
December at dB 23 BO Nos) a il 16 81 3°83 21 |- 66 
Totals - - |28°73 | 172 | 513 [28:35 | 173 | 510 |33-69 | 187 | 556 Eo 163 | 468° 








On an average of these four years rain fell at Southport in 511:75 hours 
per annum, which is equal to 21°32 days ina year; The average number of 
rainy days in the four years was 173°75, and the average rainfall in these 
four years, 29°365 inches per annum. The average rate of fall, therefore, 
was at the rate of ‘0574 inches per hour. The average quantity of the daily 
fall on a rainy day of these four years was ‘169 inches per day, which, 
divided by the hourly rate of fall, shows that the time of average rate of 
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falling in this district was 2°944 hours per day, or 176°6 minutes per rainy 
day. The average rate of fall per rainy day was equivalent to 613°47 cubic 
feet per acre, which, divided by the number of minutes in which rain fell on 
an average rainy day, shows that the average rate of fall at Southport was 


3°47 cubic feet per acre per minute or 31,230 gallons per acre per day. 
The following Table shows the quantity and time in which rain fell in 
the year 1902 at five stations in different parts of the country :— 


Rate of rainfall at 


five stations in 
1902. 































































Croydon. Melbury Moor,Devon,| Timsbury, Hants. | Twyford, Hants. Southport. 
162 feet above O.D. | 516 feet above U.D. | 96:4 feet above O. D. 139 ft. above O.D. | 42 feet above O.D. 
er as N - No. AG 
— to) , 0 F 0 ; , : 
ate (Pa) a | Mau [Oay) etn [Baie eay* set PR age) sin Pi | A al 
eit Pies Hours.) eHes mie Hours. aor mire Hours. rei wars Hours.|: ches Bae Hours 
fell. fell. | fell. fell. fell. 

January - - GiOh Lt 1 26 33 3°580 | 18 | 46°14 Sys; alps || pees 7 {| 17°41 | 2°38 | 18] 69°3 
February - - 810 | 11} 39°24] 1:995| 19} 34°99] 1°63} 14 | 36-20 8 | 36°36 | 1°40 9 | 386 
March - 1°725 | 11 | 38°77 | 4:045 | 26 | 67°32] 220] 14] 52-02 10 | 44:13 | 1°97 | 21 | 65-7 
April 720 | 10 | 30°05 | 2340 | 14] 35°86] 1°97 | 18] 28°57 1] | 28°82] 156) 13] 44:9 
May 2°500 | 22 | 72°70 | 2-665 23 47°78.| 2°43 | 21 | 71°10 20 | 49°15 | 3:39 | 24] 74:2 
June 3°980 | 19 | 82°13 | 4:425 | 23] 93°66} 3°58 | 18 | 60°53 16 | 58°46 |] 1°56 | 15] 33-4 
July 1220 | 12) 32:00] 3-160} 16] 40°97] 1:41 12 | 28°16 10 | 27°04 | 2°37 | 15] 51°6 
August 3°225 | 20 | 50°83 | 2°765| 24] 48:32] 3°24] 19] 50-09 16 | 44°47 | 2°07 | 21 | 42°6 
September - 1105 ‘7 | 10°65 | 4:965 | 21 | 54°57] 1:09 | 14 | 23°58 7} 12°95 “Oa e LOn|) 2524 
October 1440 | 19} 49°12 | 5050 | 22 | 102-65 | 2°01 17 | 57°73 } 11 | 56°95 | 3°01 19 | 84.7 
November - 1°890 | 12] 58:95 | 5°755 | 21 |107-01 | 3°25 | 19 | 62-10 17 | 55:29] 1°89 | 151} 60°8 
December : 1380 | 11} 38°58 | 5-060 | -19 |112°97 | 1:90] 11 | 36-86 10 | 37°79 | 2°85 | 14 | 46°5 
Ta] 20°65 | 165 |529:35 }45-805 | 246 |792-24| 25-46) 184 | 520-47 [27-09 | 143 [468 82 [25-42 | 199 [64071 











The rainfall at Croydon, which the writer gave to the Royal Commission 
on Thames Sewage Discharge for the fom years 1879 to 1882, shows that 
the average rainfall in these years was 28°40 inches per annum; the average 
rainfall at Croydon for 27 years, 1876 to 1902, was 25°615 inches per annum ; 
the average number of rainy days in 27 years was 167°37 per annum, while 
the number of rainy days in the four years 1879 to 1882, was 168 per annum. 
The quantity of rainfall on a rainy day in 1879 to 1882 was ‘169 inches. It was 
found that in these four years the average rate of fall was ‘065 inches per 
hour, which is equal to an average rate of 1°56 inches in 24 hours, which is 
a rate of fall in excess of what it has been subsequently observed. The 
total time that rain fell in one year on the average of these four years was 


therefore “33 =18-2 days, the average time the rain fell ona rainy day being 
“ux = 2°60 hours, or the rain fell on the average rainy day in 156 minutes. 
The quantity that fell on an average rainy day is equal to 613°615 cubic feet 
per acre, which quantity divided by 156 minutes, the average time of falling, 
equals 3°933 cubic feet per acre per minute as the rate at which on the 
average rain fell at Croydon in these four years. 

The rate of fall at Croydon for the 12 months ending December, 
1902, was very much less than shewn by the previous published records. 
The average daily quantity of rain falling was at the rate of 454°62 cube feet 
per acre, the time of falling was extended to 192°49 minutes and the quantity 
was only 2°362 cube feet per acre per minute. 

The registering rain gauge at Melbury Moor in Devonshire was put up 
by the writer in a district noted for its large rainfall, and as the result of 12 
months’ observation ending December, 1902, itis shewn that the rain falling 
was 45°805 inches, which fell on 246 days, the average daily rate of fall being 
‘1862 inches. The hourly rate of fall is 0578 inches, which divided into 
‘1862 gives 3'220 hours per day as the average time of falling, or 193°2 
minutes perrainy day. The average rate of fall was 675°91 cube feet per 
acre per day falling at the rate of 3:498 cube feet per acre per minute. 
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The records at Timsbury and Twyford are the results of observations 
that have been made at the South Hants Water Company's works, the 
directors of this water company having authorised the writer to put up 
recording rain gauges and other apparatus at each of their pumping stations, 
so that an accurate record of the rate and quantity of rain fallmg and the 
amount of rain which percolates into the ground might be ascertained. 

The results of the 12 months’ records at Timsbury Pumping Station for the 
year ending December, 1902, shew that the quantity of rain falling in the year 
was 25°46 inches, thenumber of days on whieh rain fell 184, and the average 
quantity falling per rainy day 1384inches. The hourly rate of fall is 0481 
inches, which divided into ‘1384 equals 2'88 hours per day or 172°6 minutes per 
rainy day. The total quantity falling each rainy day was 502°39 cube feet per 
acre, and the average rate of fall was 2:911 cubic feet per acre per minute. 

The results of the 12 months’ records at the Twyford Pumping Station of 
the South Hants Water Works during the same period as at Timsbury are as 
follows :—The rain falling was 27°69 inches, the number of rainy days 143, the 
average rate of fall per rainy day 1936 inches. The hourly rate of fall is ‘0591 
inches, which divided into (1936 equals 3°276 hours per day, or 196°6 minutes 
per rainy day. The rate of fall was 3°897 cubic feet per acre per minute. — 

The results of the 12 months’ records taken with a Halliwell Recording 
Rain Gauge at Southport have been supplied to me by Mr. Joseph 
Baxendell, the Borough Meteorologist, and the observatious are taken at the 
Fernley Observatory, Southport. The rain falling in 12 months ending 
December, 1902, was 25°42 inches, and it fell on 199 days. In this case the 
average daily quantity of rain falling on a rainy day was ‘1277 inches, which 
is equal to 463°55 cube feet per acre ; the hourly rate of fall was ‘0397 inches. 
The average fall took place in 3-217 hours per rainy day or in 193 minutes — 
each rainy day, and the average quantity was 2°4 cube feet per acre per 
minute. It will be seen from the previous records that the rainfall in this 
district, as in others during the year 1902, is remarkable for the slow rate at, 
which rain has fallen. ) 

For the year 1899, the writer worked out the Manchester sewer gaugings . 
for as much of the year as the observations were perfect, and the results are 
given in Table No. 4. He also worked out from the rainfall diagrams the 
rate at which rain fell at the Sewage Outfall Works at Davyhulme in this 
year, the figures of which are given in the following Table :— 


MANCHESTER RAINFALL. 
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May . 2:390 67-42 14 180 4320 
June . 1620 19°58 8 440) 10-560 
July ... 1:750 40-25 9 264 6336 
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In Table No. 4 the results of certain sewer gaugings of Manchester are 
given, and which show the total quantity of sewage gauged within the 
periods set out, the volume due to rainfall, the depth of rain flowing off, the 
actual rainfall at the time, and the percentage of rain flowing off. It will be 
observed from the results given in this table that not more than 40 per cent. 
of the rain falling on the district actually flowed off by the sewers at this 
particular time, that is exclusive of subsoil water, and if it is assumed that 
the subsoil water in the case of Manchester is contributed solely from the 
Manchester area the actual quantity of rain flowing off by the sewers as rain 
and subsoil water was about equal to 78 per cent. of the actual rainfall. 

It will be seen from the Rainfall Table, that the time rain fell in 
Manchester did not diifer from the time rain fell at Southport in the same 
year, the rainfall recorded being heavier at Southport than at Manchester, 
The rainfall at Manchester was really heavier in this year than given by the 
recording rain gauge, the mouth of which is at a higher level above the 
ground surface than an ordinary rain gauge and consequently records a 
smaller volume of rainfall. The rain collected by the recording rain gauge 
was 26°215 inches in the year, and the number of rainy days 150, but the 
actual rain collected in a rain gauge near the level of the ground at the same 
place was 28°35 inches and it fell upon 161 days. If the time of rain falling 
is taken from the recording gauge and the quantity falling from the ordinary 
rain gauge we have the record that the rain fell upon 161 days which was 
equal to 176 inches per rainy day. The rate of fall was ‘0556 inches per 
hour, which divided into 176, the average fall on a rainy day, equals 3°17 
hours per day, the average time of rain falling or 190 minutes per rainy day, 
and the rate of fall was equal to 3°36 cubic feet per acre per minute. Of 
course the observations of this one year at Manchester do not give what is 
the average result as the rainfall in 1899 was below the average. The 
average rainfall of Manchester taken at various elevations may be taken at 
324 inches per annum falling upon 186 days in the year, giving a rate of 
‘1742 inch per rainy day with an average hourly rate of fall of probably ‘067 
inch per hour and falling in about 156 minutes per day, which is equal to an 
average rate of fall of 4 cubic feet per acre per minute. 

- The fluctuation of the flow in the sewers in the case of Manchester is 
very materially modified owing to the extent of the area contributing rainfall, 
and which is stated to be 9,611 acres, by which some part of the flow in the 
sewers is deferred, and the flow rendered more uniform. If it is assumed 
that the rain passing into the sewers comes only from the actual area of 
Manchester, it was observed in the year 1599 as much as 2 cubic feet per 
acre per minute at times actually flowed off. There is a record which shews 
that on the 6th August, 1900, the rate of flow of the sewage and rainfall in 
the Manchester sewers was at the rate of 2608 cube feet per acre per 
minute, of which 2°311 cube feet per acre per minute was due to rainfall. 

Manchester is in a position in which nothing like the same proportional 
provision would require to be made in the sewers as in towns of less extent 
with shorter lines of sewers. 

The actual rate of flow off in Manchester was shewn by the results 
recorded between the 10th July and 12th September, 1899, when the rain 
is recorded as having fallen in 151 hours and 10 minutes ; the actual time it 
took the rain to flow off was 1,008 hours, or the rain falling in one hour took 
6°65 hours to flow off, and the consequence of this long time in flowing off 
is to make the flow very much more equable and the effect of rainfall is not 
so serious in the sewers of Manchester as in the sewers of some other 
districts of smaller extent. Of course in the gaugings of the sewage of 
Manchester there is a certain amount of subsoil water combined with the 
sewage which tends to make the fluctuation in the sewers caused by rain less 
than otherwise would be the case. This was pointed out by the writer to 
the Rivers Committee of the Manchester Corporation in a report made to 
them in March, 1900, wherein it was stated that: ‘There is no doubt that 
there is a considerable leakage of subsoil water into the sewers and drains of 
Manchester, as this is very clearly evidenced by the fact that when the 
springs are low the minimum flow in the sewers on the same days of the 
week fall very much lower than in the periods when the springs are high, 
for example, during last year the springs were lowest at the heginning of 
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December and highest at the end of February. It will be observed, taking 
dry Sundays, that the minimum flow of the sewers on the 10th December 
was 1,497 cubic feet per minute, whereas on the 9th July under similar 
circumstances it was 1,951 cubic feet per minute, a difference of 454 cubic 
feet, or about four million gallons per day more leakage into the sewers in 
July than in December.” eee 

It appears from a report of the Rivers Department of the City of 
Manchester descriptive of the treatment of Manchester sewage that the 
volume of the water supply of Manchester is estimated at 29 gallons per 
head per day of the population, of which 16 gallons are used for domestic 
purposes, 13 gallons being used for trade and other purposes. The dry 
weather flow of the sewage of Manchester for the year ending the 27th 
March, 1901, was 454 gallons per head per day, which is made up therefore 
of 164 gallons per head per day of leakage, which was rather more than the 
domestic water supply. 

For a number of years the writer has been conducting gaugings at 
Croydon and the neighbourhood with a view to ascertain the quantity of 
water that was contributed by the chalk area of the Croydon Branch of the 
River Wandle. These gaugings were carried on from 1876 to 1888, when 
the writer found from the results of the gaugings and observations a mode 
of calculating the volume of underground water from the levels of the sub- 
soil water when it was no longer necessary to continue the gaugings, and 
which became more and more complicated owing to additional sources of 
water supply being brought into Croydon. During these gaugings, amongst 
other sources of water it became necessary to gauge the sewers of Croydon 
having regard to the large amount of subsoil water which these sewers 
carried away. The volume of subsoil water in the Croydon sewers is in 
excess of the actual rain falling on the sewered area. This is due to the 
position of the sewers, which are located in a valley below a large drainage 
area extending for a considerable distance above the town. 

The whole of the observations of Croydon were carried on continuously 
with a view to determine the amount of spring water in the sewers, but 
having got the whole of the gaugings automatically recorded in diagram 
form it was only a question of abstracting any information necessary for 
ascertaining the effects of rainfall on the sewers, and with this view the 
writer has at your request investigated the results of seven years’ gaugings 
from 1880 to 1886 inclusive. | 

The mode in which these Croydon gaugings were made was by means 
of a recording instrument with clock arrangement, which either recorded on 
a diagram the depth of water flowing in the sewer or the depth flowing 
over a measuring overfall gauge weir. The flow in the sewer was ascertained 
at every depth of flow, and these results were invariably checked once a week 
or more often with a full day’s flow over the gauge weir. ‘The gaugings have 
all been worked out for every hour of the day, and the record, with the 
exception of one or two days, is complete for the whole period. 

It should also be observed with reference to these gaugings, that they 
have been made and worked out in the writer’s private capacity and at his 
own cost, and the object was with a view to enable the volume of spring 
water in the sewers from time to time to be ascertained. At the same time 
the quantity of water daily supplied to Croydon was furnished to him by the 
Local Authority as this water is pumped daily into the district for the ordinary 
supply, and there was no large storage to interfere with the results, and there- 
fore the daily quantity can be readily ascertained, and in the Croydon gaugings 
the daily volume of water supply is taken as representing what would be the 
ordinary dry weather flow of sewage, thus excluding all leakage from the 
calculations. 

The whole of the Croydon water supply did not find its way to the 
Croydon outfall sewer, but was in part distributed to other sewers, and after 
careful investigation it was found that as near as possible 80 per cent. of the 
whole of the daily supply of water was distributed to this particular outfall. 

It should be observed that a part of the water supply never enters the 
sewers, notably all that part that is used in watering streets and gardens. 
On the other hand, a certain volume of liquid enters the sewers that did not. 
originate in the water supply, such as rain water collected for washing, which 
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is sparsely used in the district, the liquids brought into and manufactured 
within the district used for drink and food. 

It should be observed, with reference to the leakage into sewers, that 
the dry weather flow and the fluctuations of flow in the sewer without 
leakage being known, the relative fluctuation of flow due to the addition of 
subsoil water can be readily calculated, as, for example, the ordinary dry 
weather fluctuation of flow ina limited district as between the. period of 
Maximum flow and mean. flow would be about 24 to,1, but if we add a 
volume of subsoil water equal, to the average dry. weather flow, the ratio of 
fluctuation would be reduced to 13 to 1, but.the volume of sewage to be 
treated would be doubled. 

At the time these Croydon sewer gaugings were made, there were no 
storm overfiows in the sewers, and therefore the whole of the sewage and 
rain went down to the point of outfall and was gauged. 

‘The question of the construction and the size and fall of sewers is one 

rather different to that referring to the disposal of sewage. In the construc- 
_ tion of sewers the sewers will have to carry the rain which enters them at 
_ the rate at which it falls and flows off, but the disposal of sewage has only 
reference to the ultimate volume to be treated, provided means of storage are 
provided for the sewage until it can be treated. It will appear with reference 
to the question of the construction of sewers that often very inadequate 
provision is made for the reception of rainfall, as some fixed amount has been 
determined upon to be admitted to the sewers in the space of the 24 hours, 
totally regardless of what is the law which governs the rate at which rain 
falls and flows off. Consequently, very inadequate provision has heen made 
in many systems of town sewers for dealing with the rainfall, and as a result 
serious flooding from the sewers occurs. For example, in London the 
largest quantity of rain proposed to be admitted to the sewers was to be at 
the rate of a quarter of an inch in depth spread over 24 hours. This it will 
be observed is only equal to about 0°63 of a cubic foot per minute from an 
acre, a quantity not one-sixth as much as the average rate at which rain falls. 
It should be observed that the rain falls in a limited time, and if all the time 
rain is falling is added together, in the course of a year it will not amount to 
more than 18 to 27 days, the smaller number of days occurring in the dry 
districts and the larger number in the districts having heavy falls of rain. _ It 
is not the absolute quantity of rain that falls, but therate at which rain falls 
and flows off, which is the difficulty that engineers have to contend with. As 
a rule, in districts in which there is the heaviest fall of rain, the rain is spread 
over a greater length of time than in those districts in which the rainfall is 
smallest, and ofte1 in the driest years the sharpest rainfalls occur. The law 
which governs the rate of fall has not been fully determined, but it is 
probably proportional to the average fall on a wet day or the annual rate of 
fall divided by the number of days upon which it falls. The figures given as 
to the rates at which rain falls shew the average rates of fall, but of course 
there are times when the rate of fail greatly. exceeds the average and when 
- the actual flow off the surface greatly exceeds the average rate of the fall of 
rain. The maximum rate of rainfall at Croydon exceeded the average by 24 
times, as on the 10th of July, 1880, the fall. was at the rate of 37°44 inches 
per day, which divided by 1:56 inches per day, the average rate of fall, equals 
24 times the meanrate of fall. The quantity of rain that fell on this occasion, 
however, was small, and the time short, and the time of day when it fell was 
between 7 and 8 p.m., when the mean flow in the sewers was only increased 
over one hour, 3-84 times, the total rainfall in that day being only ‘350 inches. 
On the 9th of October, 1880, 2°12 inches of rain fell at Croydon in the day ; 
the greatest rate of fall was at the rate of 10°8 inches per day, which occurred 
between 2 and 3 a.m., which was equal to 6°92 times the mean rate of fall, 
but the flow in the sewers increased for one hour to 8°97 times the mean dry 
weather flow, and the rain alone flowing off the surface into the sewers 
was at the rate of a fall of 2 inches in depth per day. 

On the 19th December, 1881, the flow in the Croydon sewers increased 
for an hour to 10°76 times the average flow, the rainfall in the day being 
‘695 inches ; its greatest rate of falling was 10°26 inches in 24 hoars, which 
occurred between 6 and 7 a.m., and the rate exceeded the average by 6°576 
times, The rain flowing off the surface into the sewers was at the rate of 
2°25 inches in depth per day. 


6225. 


B 


Effect of leakage 
may be ealculated 


Effect.of leakage 
in diminishing 
fluctuation. 


No storm 
overflows in 
Croydon sewers 


Question of 
construction of 
sewers differs 
from that of 
sewage treatment 


Inadequate 
provision made 
for rainfall in 
sewers. 


Provision for 
rain ‘in London 
sewers. 


Days of rainfall. 


Law governing 
rate of rainfall. 


Rain at times 
greatly exceeds 
the average. 


Rate of rainfall, 
Croydon, and 
effect on sewers. 
July, 1880. 


Rate of rainfall, 
Croydon, and 
effect on sewers 
October, 13880. 


Rate of rainfall, 
Croydon, and 

effect on sewers 
December, 188i. 


Rate of rainfall, 
Croydon, and 
effect on sewers. 
October, 1882. 


Rate of rainfall, 
Croydon, and 
effect on sewers. 


September, 1883. 


Rate of rainfall, 
Croydon, and 
effect on sewers. 
January, 1884. 


Rate of rainfall, 
Croydon, and 
effect on sewers. 
June, 1885. 


Rate of rainfall, 
Croydon, and 
effect on sewers. 
May, 1886. 


Maximum and 
minimum times 
of flow in 
Croydon sewers. 
Times of 
maximum and 
minimum flow in 
Manchester 
sewers. 

Time of day 
when rain falls 
affects the rate 
of fluctuation 

of flow. 


19 


On the 27th October, 1882, the flow in the Croydon sewers increased for 
one hour to 11°56 times the mean flow, the.rainfall recorded:in the day being 
‘95 inches, the greatest rate of fall 3°60 inches in 24 hours, which occurred 
between 6 and 7 a.m., and the quantity of rain that flowed off the surface was 
at the rate of 2°36 inches in depth per day. 

On the 10th September, 1883, the flow in the sewers ‘increased for one 
hour to 13°31 times the mean flow, the rainfall in the day being °655 inches, 
the greatest rate of fall being at the rate of 6 inches in 24 hours, which 
occurred between 4 and 5 am. The quantity of rain that flowed off the 
surface was at the rate of 3:09 inches in depth per day. 

On the 26th January, 1884, the mean dry weather flow in the sewers 
was increased 12°11 times, the rainfall in the day being ‘86 inches, and the 
greatest rate of fall being at the rate of 6-24 inches in 24 hours, which occurred 
between 7 and 8 p.m., and was at the rate of four times the mean rate of fall. 
The quantity of rain that flowed off the surface was at the rate of 2°20 inches 
in depth per day. 

On the 8th June, 1885, the flow in the sewers increased for one hour 
9°38 times the mean dry weather flow. The rainfall on the day was ‘76 
inches. The greatest rate of fall was at the rate of 11 inches in 24 hours, 
which occurred between 6 and 7 a.m. The flow off of rain only was at the 
rate of 1°52 inches in depth per day. 

On the 12th May, 1886, the flow in the Croydon sewers increased for 
one hour 13°78 times the mean dry weather flow. The rainfall in the day 
was 1°25 inches. The greatest rate of fall was at the rate of 32°23 inches in _ 
24 hours, which occurred between 7 and 8 am. The flow of rain only 
off the surface was at the rate of 2°23 inches in depth per day. 

The flow in the Croydon sewer was found to be greatest between the 
hours of 11 and 12 a.m., and least between the hours of 3 and 4 a.m. 
At other places the times of greatest and least flow vary. In large 
towns it falls much later in the day, as, for example, in Manchester sewers, 
the maximum occurs between 1 and 2 pm., while the minimum occurs 
about 6 o’clock in the morning, except on Sundays, when the minimum flow 
occurs between 8 and 9 a.m. and the maximum between 2 and 3 p.m. 

Sewers are affected more or less by the time of day at which rain falls ; 
if it falls when the sewers are at the period of maximum flow it affects the 
mean flow more than if the rain falls when the sewers are carrying their 
least flow. In small areas the maximum flow of sewage proper will be 24 
times the mean flow, while the minimum flow will be one-third the mean 
flow. 

The following Table has been constructed and used by the writer for 
calculating the volume of sewage flowing in sewers within small districts 
having an outfall sewer of limited length :— 


Table from which the dry weather flow of sewage at any time of the day 
may be calculated. To use this Table, multiply the total daily flow by the 
figures given, and divide by “100, and the answer will give the (ny. 
flowing per minute. 

For example, assuming the average quantity is 100,000 cubic feet per 
day at the maximum time of discharge, the quantity = 0x300.000 172. cube 
feet per minute. . | 
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At different times and in various places gaugings of the sewers have 
been made by the writer, from which the following examples are taken. 

In the year 1866 the writer caused the South Norwood outfall sewer in 
the Croydon district to be gauged as the sewage was discharged upon the 
sewage farm. The result of the average gaugings in dry weather in January 
of this year showed that the maximum flow was 31:09 cube feet per minute 
extending over one hour. The minimum flow was 14°57 cube feet per 
minute extending over one hour and the mean flow 20°37 cube feet per 
minute, the ratio of maximum flow to minimum flow being as 2:13 to 1 and 
the ratio of maximum flow to mean flow was as 1°53 iol. The period of 
maximum flow occurred between the hours of 10 am. and 11 am. and of 
minimum flow between the hours of 7 a.m. and 8a.m. The supply of water 
in this district was, at the time, not constant, and it was found that in conse- 
quence the hour of maximum dry weather flow varied considerably. . In July 
and August, 1866, the South Norwoed outfall sewer was again gauged when 
the dry weather flow was found to be 1429 cube feet per minute on the 
average, or considerably less than the dry weather gaugings in the preceding 
January, indicating that there was a certain amount of leakage into these 
sewers. The maximum sewer gauging in July and August, 1866, extending 
over one hour was 23°91 cube feet per minute, which occurred between 9 a.m. 
and 10am. The minimum sewer gauging extending over one hour at the 
same period was 9°11 cubic feet per minute. The ratioof maximum flow to 
minimum flow was as 2°62 to 1 and the ratio of maximum flow to mean flow 
was as 1°67 to 1. 

In the month of June, 1870, a series of gaugings were made of the outfall 
sewers of Croydon and South Norwood, together with the flow off the respec- 
tive sewage farms. The mean average dry weather flow at the South Norwood 
outfall extending over a week gave 17°6 cubic feet per minute as the average 
rate of flow. The average dry weather flow extending over one hour varied 
from a maximum of 61:28 cubic feet per minute which occurred between 3 
and4p.m. to an average minimum flow of 8 cubic feet per minute, which 
occurred between 6 and 8 am. The ratio of average maximum flow to 
average minimum flow in this casewas 7°66 to 1, while the ratio of maximum 
flow to mean flow varied as 3:48 to 1. 

In December, 1870, and January, 1871, the South Norwood outfall sewer 
was again gauged for ohe week, and the average dry weather flow was found 
to be 29°64 cube feet per minute. The average maximum flow extending 
over one hour was 52°66 cube feet per minute, which occurred between 3 p.m. 
and 4p.m. The minimum flow extending over one hour was 17°43 cube 
feet per minute, which occurred between 5 a.m. and 6 am. The ratio of 
average maximum flow to average minimum flow was as 3:02 to1 and 
the ratio of maximum flow to mean flow 1°78 to 1. The increase in the 
minimum flow at this period indicates that there was a certain amcunt of 
leakage in the sewers which reduces the ratio of maximum flow to mean and 
minimum flow. There were no storm overflows in connection with the 
South Norwood sewers at the time the gaugings were made, and the 
district being of a more or less impermeable character, the volume of rain 
entering the sewers is very considerable, having regard to the extent of the 
district and the population draining to the sewers. It will be seen from Table 
No. 5 that at times the mean dry weather flow of sewage has been very 
considerably increased by the effect of rainfall. The table shews the effect 
of rain on the sewers on days of heavy falls. The dry weather flow in the 
sewers, ascertained from the sewer gaugings on dry days, taken at the same 
period as the wet weather gaugings; the average and the maximum rate of 
flow in the sewers ; the total volume of sewage in the sewers on each of the 
rainy days; the total flow of actual rainfall in the sewers on each rainy 
day ; the number of volumes the maximum flow extending over one hour 
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Gaugings of South 
Norwood sewers 
in January, 1866. 


Gaugings of South 
Norwood sewers 
in July and 
August, 1866. 


Indication of 
leakage. 


Gaugings of South 
Norwood sewers, 
June, 1870. 


Gaugingsof South 
Norwood sewers, 
December, 1870, 
and January, 
137t- 


Indication of 
leakage. 


Table No. 5. 
Gaugings of 
South Norwood 
sewers. 
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exceeded the mean flow. The number of hours each rainy day the flow in the 
sewer exceeded three, four, five and six times the dry weather flow in the 
sewer; the total volume of sewage in excess of three, four, five and six times 
the mean dry weather flow. The effect of the rainfall in this case was most 
materially influenced by the exceptionally heavy fall and flow off which 
occurred on the 13th January, 1866. 

Gaugings of In September, 1866, the writer had a series of gaugings taken of the two 

Warwick sewers, Gutfall sewers of the town of Warwick, when it was found that at the 

September, 1869.’ Gastle Park outfall, the flow of the sewage varied from a maximum of’ 
57°18 cubic feet per minute between the hours of 12 and 1 p.m, to a 
minimum of 12°47 cubic feet per minute between the hours of 3 a.m. and 
5am. <At this outfall the ratio of maximum to minimum discharge was‘ as 
4585 to 1, and the ratio of maximum discharge to mean discharge was* 
1:753 tol. At the Stratford Road outfall sewer of Warwick the maximum ° 
flow in the sewer was 79°82 cube feet per minute, which occurred between - 
the hours of 11 and 12 a.m., while the minimum flow in the sewer was 57°12 — 
cube feet per minute, which occurred between the hours of 12 and 1 a.m. 
In this case the ratio of maximum to minimum discharge was as 1°397 to 1, 
while the ratio of maximum discharge to mean discharge was as 1:173 to 1.) 
These sewer gaugings of Warwick shew that there was leakage going’‘on, 
especially in the sewers connected with the Stratford Road outfall. The 
total dry weather flow of the sewage was 905,900 gallons “per day, 
contributed by a population of about 10,780 persons, the mean dry weather 
flow being equal to 84:04 gallons per head per day. ‘The flow of sewage in 
this case was largely increased by reason of the admittance of the waste 
water from a gelatine manufactory in which large volumes’ of water were 
used. 

Gaugings of In the dry and warm months of June and July, 1868; thewriter caused’ 

Rugby sewersin the outfall sewer of the town of Rugby to be gauged, when the average . 

pe maximum flow over one hour was found to be 107°0 cubic feet per minute,’ 
and the average minimum flow over one hour, was 12°57 cubic feet per 
minute, the ratio of maximum flow to minimum flow being as 8°51 to 1. 
The mean flow in the sewer was 45°86 cubic feet per minute, the ratio of 
maximum flow to mean flow being as 2°33 to 1. The dry weather flow ‘of 
sewage was equal to.50 gallons per head per day. 

Gaugings of _ In April, 1869, these sewers of Rugby were again gauged, when the 

Hug by sewers 1n maximum flow was found to be 81°77 cubic feet per minute, the minimum 

| flow 22°32 cubic feet per minute, and the mean flow 42°61 cubic feet per 

minute, the ratio of maximum flow to minimum flow being as 3°66 to 1 
and the ratio of maximum flow to mean flow as 1°92 to 1. These gaugings 
shew, when compared with the former gaugings, that a certain amount of 
leakage was present in these sewers at the time of this gauging, although 
the mean flow had actually diminished but the minimum flow had 
increased. 

Gaugings of The writer caused the sewers of the small town of Atherstone in 

Atherstone sewers Warwickshire to be gauged in the months of August and September, 1880, at 

fe) a time before there was a public supply of water, when it was found'that the 
maximum flow of sewage was 9'168 cubic feet per minute, which occurred 
beween 10 a.m. and 11 am., while ‘the minimum flow was 1122 cubic feet: 
per minute, which extended over a period from 10 pm. toSa.m. "The 
average mean flow of the sewers at the time was 3°904 cubic feet per minute 
and the ratic of maximum to minimum dry weather discharge varied as 
8:17 to 1, and the ratio of maximum to mean flow varied as 2°35 to 1. | 

Friern Barnet The Friern Barnet Sewage Works, which were designed by the writer, 

sewage works, — were the earliest works in this country to be brought into operation for the 

designed in 1883. purposes of bacteriological treatment of sewage. These’ works were 
designed in 1883, and the actual construction of, the works commenced in 
December, 1885. / They were in full operation during the whole of the year 
1887, and Dr. Hugh Stott, the medical officer of health of the district, stated 
in his Annual Report for the year 1887, referring to his visits to several 
sewage works—‘“ From my personal inspection I certainly think none of the 
works or the systems of treatment were so good as those of Friern: Barnet. 
During the year the effluent from the works has been very good.» I have 
taken forty samples in all at different times and analysed: them. The 
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result has been satisfactory.” It should be cbserved that these Friern 
Barnet Works had been in full operation for at least twelve months before 
the valuable experiments on Sewage Filtration of the State Board of 
Health of Massachusetts had been brought into operation, and which were 
commenced on the 10th January, 1888. 


_ At Friern Barnet: the writer had.a series of sewer. gaugings.made in the: Gangings, Friern — 
year 1887. It should be said that in this district there were great complaints Barnet sewers 
at the time of the insufficiency of the Public Water Supply and the supply. ™ 1887 
was of an intermittent character. In the whole month of February, 1887, 
the mean average dry weather flow was 10°96 cubic feet per minute, the 
average Maximum flow 15:14 cub’c feet per minute, which occurred between 
12 noon and 1 p.m., and the average minimum flow 8°50 cubic feet per 
minute, which occurred between the hours of 1 a.m. and2a.m. The extreme 
maximum dry weather flow was 21°89 cubic feet per minute and the extreme 
minimum dry weather flow was 4:21 cubic feet per minute. The ratio of the 
average maximum flow to the average minimum flow was as 1°78 to 1, and 
the ratio of the average maximum flow to mean flow was as 1°38 to 1. The 
ratio of extreme maximum flow to extreme minimum flow was as 5:2 to 1. 
For 17 dry days spread over the months of August, September and October, 
1887, the mean maximum flow was 13:81 cubic feet per minute, and the mean, 
minimum flow was 4°52 cubic feet per minute, the mean dry weather flow 
being 8°48 cubic feet per minute. The extreme maximum dry weather flow 
was 27°4 cubic feet per minute and the extreme minimum flow was 2:0 cubic 
feet per minute. The ratio of the average maximum flow to the average 
minimum flow was as 3:06 to 1; the ratio of the average maximum flow 
to mean flow wasas 163 tol. The ratio of the extreme maximum dry 
weather flow to minimum dry weather flow was as 13°7 to 1, while the ratio 
of extreme maximum dry weather flow to mean dry weather flow was as 
323 tol. For 19 wet days extending over the months of August, Sep- 
tember an October, 1887, the average flow of sewage and rain at Friern 
‘Barnet was 18°85 cubic feet per minute, the dry weather sewage being 8°48 
cube feet per minute at the same period of the year, but in judging these 
respective quantities it should be borne in mind that the dry weather flow 
of sewage of Friern Barnet was at the time very small owing to deficient 
water supplv. The population of Friern Barnet using the outfall works in 
1887 was given as 6,881. In February of that year the dry weather flow of 
sewage was 14°33 gallons per head per day, while in August, September and 
October the dry weather flow of sewage was but 11:09 gallons per head per 
day. The volume of sewage at Friern Barnet was not more thania fourth of 
the volume ordinarily met with in towns, and the sewage as a consequence 
is very strong, and when rain falls, as judged by the number of volumes of 
increase, will be much greater in such a district than in districts having a 
much larger volume of sewage. 


Table No. 6 gives the results of 19 wet days gauging at Friern Barnet Table No. 6. 
in the year 1887. The Table shews the rainfall in the district, the average. Gaugings Friern 
dry weather flow in the sewer, the average flow in the sewers each wet day, Barnet sewers. 
the maximum flow in the sewers each wet day for a period extending over 
one hour, the number of hours per rainy day when the volume of flow in the 
sewers exceeded three, four, five and six times the mean dry weather flow, 
the number of volumes the maximum flow over one hour exceeded the mean 
flow, the total flow in the sewer each rainy day, the total dry weather flow, 
the flow in the sewer due to rainfall each of the rainy days, and the-volume of 
sewage in excess of three, four, five, and six times the mean flow. 


It will be seen from the figures that the increased flow due to rain in Increased flow 
these selected wet days only increased the mean dry weather flow in the due to rain in 
sewer 2°22 times, but if the dry weather flow of sewage had been four times Prern Barnet 
as great, the increase due to rainfall would have been about one half of the ““°™ 
flow of sewage. 


In April, 1900, the writer caused a series of sewer: gaugings of the out- Gaugings of Pon- 
fall of Pontefract to. be made, when .it was. found that the average dry tefract sewers in 
weather flow of sewage was 38°99 cubic feet per minute, the maximum flow 1909. 
was 49°79 cubic feet p:r minute, which occurred between the hours of 11.30 a.m. 


Particulars of 
Croydon sewer. 


Area per head of 


population at 
Croydon con- 
tributing. 
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and 12 noon. The mininium flow was 29:14 cube feet per minute, 
which occurred between the hours of 4 and 4.30 a.m., the ratio of maximum 
flow to mimimum flow in this case being as 1°709 to 1, while the ratio of 
maximum flow to mean flow was as 1°277 to 1. 


The following figures give for seven years the population draining to 
the Croydon outfall sewer, which was gauged, and the average daily volume 
of the flow in the sewers, the average daily volume of the sewage in gallons 
per head, and the average daily volume of water supply and the average daily 
supply per head of the population, which is taken as the dry weather flow 
in the sewers. 
































Population | Averagedaily | Averace Water 
| drainii g to volume of Pow DE Average flow | supply in Area in 
| sewer sewaxe contained in sewer due sewers. Aver-| acres con- 
Year. | middle of flowing in toes to water age flow per| tributing 
year. sewers. | Gallons per su] qly. head per rain to the 
head per day. SeWETs. 
Persons. Gallons. day. Gallons. Gallons. 
1880 - . - 46,128 4,795,470 104:0 1,975,680 42°8 | _ 317-68 
1881 - - - 47,645 6,591,600 138°3 1,950,390 40°9 328°13 
1882 - - -| 49,078 4,889,970 99°6 1,863,630 280 £38°00 
1883 - - - 50,511 5,887,260 116°6 1,871,370 37-0 347°87 
1884 - - 51,944 3,596.670 69°2 1,807,740 34°9 357-74 
1885 - : - 53,378 3,242,430 60°7 1,747,800 32°7 367°62 
1886 - - - 54,810 4,011,300 13°2 | 1,730,250 31°6 | 377-48 











It will be observed that in these seven years the volume of water 
supplied to the district, as measured by the volume supplied per head per 
day, has materially diminished. This is due to an improvement in water 
fittings, to more adequate inspection, and, as aconsequence, the rate of 
fluctuation of flow in the sewers due to rainfall will have increased in the 
course of these years. 


It has already been stated that in order to arrive at the volume and 
effect of the rainfall on the flow in the Croydon sewers, the whole of the water 
supply and leakage into the sewers had been deducted cn each day when it 
rains, and that which remains in the sewer is taken as the product of the 
rainfall. 


It should be noted that the Croydon sewers have all been reported to 
have been reconstructed since the year 1875, when the last epidemic of fever 
occurred in Croydon, and that the writer has not had anything to do profes- 
sionally with Croydon public works since the year 1872, or over 30° years 
ago. The sewers of Croydon are now more leaky than before their recon- 
struction, simply because they are put at a greater depth in the subsoil water, 
which is an advantage from a sanitary point of view as the leakage is likely 
to be more or less always inwards, which was not the case formerly, and 
which, of course, is a great improvement having regard to the fact that the. 
principal part of the public water supply of Croydon is procured from wells 
sunk in porous strata in the centre of .the town and in the midst of the 
sewers. 


In the case of Croydon outfall, the actual area contributing rain to the 
sewers has been ascertained by the writer to be equivalent, as near as possible, 
to 300 feet for each head of the population contributing to the sewers; but 
in districts in which no provision is made for the exclusion of, surface water 
the area will be greater, and in districts in which there is an entire separa- 
tion of rainfall from the sewers the area will be less than in Croydon. ‘The 
total drainage area to the Croydon outfall sewer which has been gauged 
was. at the time these gaugings were made, 1,990 acres in extent, but the 
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actual area contributing rainfall is considerably less, having regard to the 
porosity of the ground at Croydon and the provision which is made for 
conveying away the surface water. 


The Tables Nos. 7 to 22 give the results of seven years’ gaugings of the 
Croydon sewer. 


Tables Nos. 7 to 13 give yearly the results of the sewer gaugings for 
the years 1880 to 1886, and show the quantity of rain that fell, the number 
of days on which rain fell each month, the number of days each month on 
which the sewers were affected by the rainfall, the depth of rain flowing off 
by the sewers each month, the average flow in the sewer on the average 
each month in cube feet per minute, the flow in the sewer each month due 
to leakage, in cube feet per minute, the dry weather flow in the sewer which 
is taken as being equal to the water supplied to the district in cube feet 
per minute, the average flow in the sewer due to rainfall in each month in 
cube feet per minute when spread over every day inthe year. To get at the 
quantity of rainfall that has to be dealt with on a rainy day the quantity 
given must be multiplied by the number of days in the month or year and 
the result divided by the number of days in the period in which the sewers 
are affected. Thus in the year 1880 the average flow in the sewer on a rainy 
day will be “"43,~- =78°15 cubic feet per minute. 
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The Tables also shew the number of days in which the flow exceeded 
one and a-half, two, three, four, five and six times the mean flow for one 
hour, the actual maximum volume each month that the flow for one hour 
exceeded the mean flow, and the mean number of volumes each month 
that the flow exceeded the mean flow in each month and year. 


Table No. 14 gives a summary of the seven annual tables Nos. 7 
to 13. There has been added to it a column which shows the percentage of 
rainfall flowing off by the sewer. The total flow off of rainfall in these seven 
years was but 11°68 per cent. of the dry weather flow of the sewage. 


Tables Nos. 15 to 21 give each year for seven years the gaugings of the 
sewers on all the days in the year on which a heavy rainfall occurred. The 
tables shew the date when a heavy fall of rain occurred, the quantity of rain 
that fell in the day, the average flow in the sewer on the days of heavy rain, 
including leakage, the flow in the sewer due to leakage, the average dry 
weather flow or the volume of the water supplied, to the district, the 
maximum flow in the sewer due to rainfall exclusive of leakage, the number 
of hours each day when the flow in the sewer exceeded three, four, five and 
six times the dry weather flow or the average water supply, the number of 
volumes the maximum flow extending over one hour exceeded the mean flow, 
the total flow in the sewer exclusive of leakage, the total flow in the sewer 
in excess of three, four, five and six times the dry weather flow, the discharge 
of the sewer in cube feet per acre per minute at the time of maximun flow, 
including leakage, the discharge of the sewer in cube feet per acre per minute 
exclusive of leakage, and the discharge of the sewer in cube feet per acre 
per minute due exclusively to rainfall. 


Table No. 22 is a Summary of the Tables Nos. 15 to 21, and in addition 
to giving the actual quantities of sewage in time of heavy rainfall in excess 
of three, four, five, and six hours, the average dry weather flow giving the 
percentage of the flow on all the days of heavy rain that the quantity 
exceeded three, four, five and six times the average dry weather flow. From 
this table it will be seen that on an average of seven years’ gaugings of all 
the heavy rainfalls the quantity in excess of three times the dry weather fow 
was only 16°22 per cent.; the quantity in excess of four times the dry weather 
flow was but 9°58 per cent.; the quantity in excess of five times the dry 
weather flow was but 5°34 per cent., and the quantity in excess of six times 
the dry weather flow was under three per cent. 


Table No. 23 gives the dry weather flow of the Croydon outfall sewer 
at every hour of the day for every day of the week in all the dry days of the 
year 1880. The line upon which the figures rest is the base line for the 


Tables Nos. 7 to 
22. Croydon 
sewer gaugings. 
Tables Nos. 7 to 
13. Croydon 
sewer guagings. 


Flow in sewer in 
rainy day, Croy- 
don. 


Table No. 14. 
Croydon sewer 
gaugings. 


Tables Nos. 15 to. 
21. Croydon 
sewer gaugings. 


Table No. 22. 
Gaugings Croy- 
don sewers. 


Proportion of flow 
exceeding certain 
quantities. 


Table No, 23. 
Croydon sewer 


CAO] q 
Saugings. 


Table No. 24. 
Croydon sewer 
gaugings. — 


Table No. 25. 
Manchester sewer 
gangings. 
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diagrams above, which shew-the fluctuation: for every day of the week and 
at every hour of the day. | 


Table No. 24 gives the complete gaugings of the Croydon outfall sewer 
jn round figures for every day in the year 1881, this ‘year ae been 
selected as “having nearly an average rainfall. | 


Table No. 25 gives the dry weather flow of the’ Manchester sewers at 


every hour of the day for every day of the week for the dry days of the year 


1880. The line upon which the figures rest is the base line:for the diagrams 
above, which shew the fluctuation « every day of the week and at every. hour 
of the day. 

I have the honour to remain, 


Your obedient servant, 


‘BALDWIN’ LATHAM. 


WA 


Average dry weather flow 40°69 gallons per head. 
Average water supply 30°18 __,, 


TABLE No. 1.—Rayut SEWERAGE GAUGINGS—1900. 


Area, 152 acres. 


Population, 8,300, not including visitors. 
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‘Date. 


January - 
February - 
March - 
April - 
May - - 
June-  - 
July - - 
August - 
September - 
‘October - 
November - 


December - 


‘Totals - 


Inches. 


2-63 
268 
1-02 
1-25 
1-26 


1-21 
































Number Sewage dry 
Rainfall | of days | Total flow in | weather flow Rainfall Water supply | Rainfall and 
‘Ol in. sewers. ineluding flowing off, leakage. 
or more Gallons. leakage. Gallons, Gallons. Gallons. 
fell. f Gallons. 
20 14,107,365 10,973,918 3,133,447 5,945,000 8,162,365 
18 13,526,825 10,376,701 3,150,124 6,385,176 7,141,649 
8 11,399,825 10,304,385 1,095,440 6,439,624 4,960,201 
12 9,767,640 7,819,431 1,948,209 5,668,824 4,098,816 
11 8,999,130 7,779,250 1,219,880 6,994,592 2,004,538 
ll 9,703,280 8,748,270 955,010 8,180,732 - 1,522,548 
9 11,909,130 9,374,305 2,534,825 9,713,664 | 2,195,466. 
17 23,354,510 13,272,456 10,082,054 10,534,462 12,820,048 
8 10,422,935 9,976,504 446,431 9,133,410 1,289,525 
22 18,426,940 10,247,585 8,179,355 7,973,944 10,452,996 
17 20,025,560 12,757,147 7,268,413 7,286,400 12,739,160 
15 14,040,380 11,651,582 2,388,798 7,182,824 | - 6,857,556 
168 165,683,520 123,281,534 42,401,986 91,488,652 - 74,244,868 

















Average dry weather flow 39°27 gallons per head. 
Average water supply 31:39 __,, 


TABLE No. 2.—Ruy. GaAuaines.— 1901. 


Area, 152 acres. 
Population, 8,500, not including visitors. 
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Number Sewage dry 
Rain- | of days| Total flow j| weather flow Rainfall Water Rainfall and 
Date. fall. | ‘Olin. in sewers. ° including flowing off. supply. leakage. 
‘ Inches. |ermore} Gallons. leakage. Gallons. Gallons. Gallons. 
fell. Gallons. 
January -| 1:23 10 12,502,190 10,280,562 2,221,628 7,447,440 5,054,750 
February - 67 9 11,543,065 9,779,482 1,763,583 6,571,488 | 4,971,577 
March -| 1°80 9 14,975,270 11,973,779 3,001,491 7,221,016 7,754,254 
April- -| 1°04 13 10,900,985 9,022,285 1,878,700 7,294,680 3,606,305 
May - - “69 6 9,363,180 8,658,440 704,740 8,680,992 682,188 
June- -| 1:40 10 12,019,810 10,187,330 1,832,480 8,845,980 3,173,830 
July - -| 2:15 13 13,847,345 10,575,712 3,271,633 10,121,159 3,726,186 - 
August -| 2°94 13 17,780,220 11,899,296 5,880,924 11,354,928 6,425,292 
September - "72 7 10,708,940 9,688,173 1,020,767 9,097,380 1,611,560 
October -| 1°58 15 12,365,360 9,822,764 2,542,596 7,953,830 4,811,528 
November - | 3°52 13 17,752,335 9,415,707 8,336,628 6,502,320 11,250,015 
December - | 2-72 21 15,403,170 10,521,955 4,881,215 6,694,512 8,708,658 
Totals - | 20°46 139 159,161,870 121,825,485 37,336,385 97,385,727 61,776,143 
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TaBLE No. .3.—DEAL SEWERAGE-GAUGINGS—1901 to 1903. 


Area 100 acres. 
Population 10,500 not including visitors. 
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oa | a S| ly 9 
Inches. | more Gallons. Gallons. Gallons. : periods of 
1901. . 
September - - 1:07 9 10,107,109 8,781,946 1,325,163 
Octéber. = ae 13 | 10,403,552} 9,003,816 | 1,399,736 
November- 1:08. | 11 9,225,317 8,070,679 | 1,154,638 | 23,420,350 
December- -. .~|. 4°63 | 16] 13,491,201 | 8,380,244 | 5,110,957 
1902. 
January - - .- 98 9] 9,758,153 | 8,589,001 1,169,152 
February,:. |- o&¢44),2 1°225)) 41 8,256,223 | 7,312,198 944,025 | 21,160,820. , 
March = ‘= B54? 1-44.08 9,461,339 | 8,024,279 1,437,060 Y 
April) | = Siem ‘45 | 7] 8,450,818 | 8,086,625 364,193 
May So Tees oe i By" 21 9,579,265 8,273,822 1,305,443 | 21,587,350 
June =) = = | 250. | 16 | 10,452,656} 8,444,765 | . 2,008,191 | 
July ee fis | 160 | 13] 9,951,000 | 8,401,960 | 1,549,040 | 
August - -  -| 3975 | 22 13,903,205 9,968,847 | 3,934,358 |, 24,278,700. » 
September . “75 9 | 10,548,877 9,610,955 937,922 
October - - -| 1525 | 151} 10,071,907 8,908,575 | 1,163,332 
November ~ - 2525 | 14] 10,438,482 | 8,442,739 1,995,750 | 23,140,000 
December- - -|{ 27545 | 38°} 10,372,195 } °8205,474 | 2,166,791 
1903. | 
January - - -j| 2°39 | 241] 10,225,282] 8,580,178 | 41,645,104 
February- — - cee ee 9,299,182 |. 7,797,057 1,502,125 | 22,472,000 
Totals - - - | 33°25 | 250 | 183,996,063 | 152,883,153 | 31,112,910 | 136,059,220 
TABLE No. 4.—MANCHESTER SEWER GAUGINGS, 
a Flow off Percentage 
Date Total Gaugings. an eae Se ae to ae ere a — 
1899, Gallons. Gallons. Gallons. | in depth. | Inches. off. 
July 10 to 14 - 167,265,000 | 142,808,000 | 24,357,000 | -111 47 23°61 
July 18to19- -{| 69,267,000 | 58,188,000 | 11,079,000 | -051 “19 26-74. 
July.22 - -| 40,747,000 | 25,865,000 | 14,882,000 | -068 "25 27°20 
August 16t0 19 —-' | 118,978,000 | 110,024,000 | 8,954,000 | 041 18 22°77 
September 6 - | 43,956,000 | 29,083,000 | 14,873,000 | -068 ‘24. 28-41 
Sept. 14 to Oct. 5 ~- |1,044,750,000} 605,400,000 | 439,350,000 | 2:015 4°85 41°54. 
November 20 to 21 - | 58,932,000 | 55,631,000 3,301,000 015 04 37°50 
December 3 to 7 208,539,000 | 121,658,000 | 86,881,000 | 398 ‘71 56-05 
1,752,434,000 |1,148,657,000| 603,677,000 | 2-767 | 693 | 3982 _ 
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37 
TABLE No. 24. 
CROYDON OUTFALL. 


SEWER GAUGINGS. 
January, 1881. 





-_ | Flow in Sewer | Flow in Sewer | Flow in Sewer 
Total Flow in due to due to Water due to 


Rai 
Date. Ta sabe Leakage. Supply. Rainfall. 


im inches. 


| Cubic feet per | Cubic feet per | Cubic feet per | Cubie feet per 
minute. minute. minute. minute. 





























January 1 | =. | 903 | 700 | 203 ae 
a oo go , | | 691 i ae 
hie | e 917 | 707 210 | z: 
005 | 913 703 atthe | ood. 
‘ 5 as | 914 704 | 210 | 1s 
%9 6 | — 924 714 | 210 | a 
2 : = 909 699 | 210 | of 
Oe Se 902 692 | 210 & 
eee se fe} 908 688 214 5 
Beet or. | 2) gia | 700 i. 
OS ee a eS ed es 214 3 
a i: tei eae oe ory: om 
Bee ys es | 903 689 214 ane 
nT 5 dii= )}.) 682 299 a 
1 ae i = 881 645 236 eu 
us an 93 | 641 252 fis 
ain = 872 | 612 See Ee 
‘ay ae eee 907 640 eas 4 
ae Sig | 1-05 889 620 eee 
ae 2s 902 650 ieee eM 
a) ae 873 | 616 257 ee 
ee ae gos «=| ~(642 | 266 | Ee 
ae <35 ue 896 629 | 267 | oe 
794 es 870 608 | SS ae 
aac, Ae 880 633 | Cy: Le 
P06 901 630. | 259 | 12 
ey 988 | 665 262 | 61 
fns98 993 | 667 260 | 66 
4c S39 1,079 | e7o «=| Sosa S| a5 
ae: 976 | 680 253 | 43 
S taaey. 929 | 669 ed See 

“‘Potalies = Peay: 113 28,353 | 20,658 7,351 | 344 
Averages- roays Ol} git6 =| (666-4 23771 1d 





Date. 


ca nen rr 


February 1 


Totals a 


Averages - 


2 


3 


10 
11 
12 
13 
14 
15 
16 
1a 
18 
19 
20 


ol 


22 
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TABLE No. 24—(continued). 


CROYDON OUTFALL. 


Sewer GAUGINGS. 
February, 1881. 





Rain 


in inches. 


015 
165 
‘OT 

025 
005 


D3 


"30 
"26 
01 


005 


i “Ol 
475 


R&S. 


24 


005 
495 


8. 
‘01 
01 


3°05 


16 days ‘01 
and over. 


Total Flow iin Flow in Sewer | Flow in Sewer | Flow in Sewer 


Sewer. 


minute. 


940 























Toe Soe ee 
Cubie feet per | Cubie feet per | Cubie feet per | Cubic feet per 
680 253 1 
697 223 57 
714 248 15 
742 226 be 
764 231 a 
786 220 me 
780 230 140 
727 228. Sh. 
T70 227 24 
750 229 46 
782 205 = 
780 210 ae 
801 210 ~ 
802 206 112 
833 207 68 
834 208 fo 
876 194 ne 
861 216. = 
870 199 136 
- 894 175 134 
975 207 fad 
944 198 40 
966 200 50 
1,073 199 Be 
1,005 197 35, 
1,011 196 x 
1,016 194 = 
1,023 195 ms 
23,756 5,924 829 
848-4 211°6 29°6 











een ne — rs er 


Date. 





March 1 


Totals = 


Averages - 


2 


3 


10 


Wi 
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TABLE No. 24—(continued), 


CROYDON OUTFALL. 
SEWER GAUGINGS. 
March, 1881. 


Rain 


in inches. 











| 


{ 


| 





Total Flow in 
Sewer. 


Cubic feet per 


Flow in Sewer 
due to 
Leakage. 


Cubic feet per 
minute. 


1,006 
1,006 
1,020 
1,035 
1,026 

965 

965 














minute. 
— 1,221 
— 1,215 
075 1,239 
"275 1,298 
D1 1,331 
075 1,186 
08 Le 
07 1,181 
01 1,207 
= 1,231 
— 1,211 
— 1,242 
= 1,261 
— 1,258 
— 1,245 
— 1,245 
= 1,243 
— 1,176 
Has 1,259 
"13 1,280 
kR. & 8. 
035 1,240 
05 1,248 
175 1,278 
“06 1,249 
os 1,222 
D 
"005 1,231 
ote 1,244 
Si 1,235 
~s 1,233 
— 1,206 
ma 1,203 
1°55 38,295 
‘aebeem } Lats 





Flow in Sewer 
due to Water 
Supply. 


Cubic feet per 
minute. 








Flow in Sewer 
due to 
Rainfall. 


Cubic feet per 
minute. 





215 
209 
195 
207 


199 
139 
190 
206 
204 


203 


205 
207 


201 


211 





21] 








| 24 
56 
99 
22 
13 
26 


10 


21 
43 
36 
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TABLE No. 24.—(contimued,) 


CROYDON OUTFALL. 


SEWER GAUGINGS. 
April, 1881. 


ee 


Date. 


Totals - 


Averages 


Cc wm TO Ol OF 


| 


ee a Se 


binid 


Total flowsin Flow in Sewer | Flow in Sewer | Flow in Sewer 
































Rain aS Teakaae saree Rainfall 
in inches. Cubic feet per | Cubic feet per | Cubic feet per | Cubic feet per 

minute. minute. minute. minute, 
~ 1,196 997 199 ee 
= 1,204 973 231 ES 
ts. 1,201 981 220 = 
a 1,203 969 934 = 
1,193 961 232 — 
ae 1,165 951 214 Sh 
cee 1,179 961 218 2a 
+s 1,173 947 226 ae 
= 1,153 | 930 223 =, 
= 1,151 934 217 = 
095 1,223 | 935 226 62 
"025 1131 890 223 24 
01 tale f | 889 226 = 
ae 1,105 882 223 is 
= ; 1,108 887 221 - a 
i 1,112 882 230 ee 
a 1,091 871 220 ets 
> de 1,095 868 227 =a 
oe 1,083 869 214 a 
ie 1,069 832 227 10 
1,039 840 199 = 
005 1,025 817 208 = 
‘15 1,052 815 295 12 
= 1,008 817 191 — 
005 1,009 805 204 ae 
05 1,004 786 218 A 
== 977 770 207 — 
ae 963 743 220 = 
065 963 740 217 6 
085 973 740 213 20 
“495 32, 32,969 26,282 6,553 134 
i oeve th 10090 1,099-0 876-1 218-4 4-5 
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TABLE No. 24—continued. 


CROYDON OUTFALL. 
SEWER GAUGINGS. 





























May, 1881. 
core ed anaes ore ae |e ee 
Sa Leakage. Supply. Rainfall. 
in inches. | Gubie feet per | Cubic feet per | Cubic feet per | Cubic feet per 
minute. minute. minute. minute. 
969 740 186. — 1 43 
978 735 211 32 
926 712 214 = 
933 723 210 = 
933 710 223 a 
919 690 229 wn 
911 674 237 = 
915 703 212 be 
901 eas. | 2 =. 288 ea 
895 657 238 as 
880 651 229 = 
878 644 234 se 
870 635 235 =e 
860 624 236 = 
863 644 202 17 
860 630 220 10 
Sage ip 1630 221 5 
856 600 209 AT 
823 Gi aan. 209 Eee 
841 590 213 38 
797 583 rans eae 
820 623 197 — 
800 562 238 me 
810 563 247 = 
810 565 240 5 
798 571 227 a 
783 557 226 = 
812 557 228 27 
772 548 205 19 
768 530 238 = 
763 517 246 — 
Totals To 96.500 19 EL met psi se 
Averages - ee } 858-1 627-3 223-0 78 


6225. F 
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TABLE No. 24—(continued). 


GCROYDON OUTFALL. 
SEWER GAUGINGS. 
June, 1881. 








Total. Blow in Flow in Sewer | Flow in Sewer | Flow in Sewer 


















































sh Rain eaven lenis marae i Raintall, 
in inches. Cubic feet per | Cubic feet per | Cubic feet per | Cubie feet per 
minute. minute. minute. minute. 
June 1 — 760 518 LY as = 
sees: a 754 oi 263 es 
es a 740 480 260 ae 
ee = 736 474 260 at 
eres ‘61 856 476 209. < 4 171 
es 24 748 478 207 63 
Bhs a ‘115 721 480 229 29 
ae: 005 686." 481 205 22 
ae = 684 464 220 = 
, 16 ey 691 471 220 = 
eek = 696 472 924 ae 
Ps ae 711 510 201 fs 
iis s (ike 453 250 oe 
aes = 687 446 "941 = 
veel: = 675 444 231 | ea 
po Zh ‘O15 681 431 | 250 ae 
Poly 53 743 416 ~~ 251 76 
418 ‘01 611 ioe 234 ad 
19 oe 592 385 207° ete 
1 9 foo. Ses 605 357 248 = 
, aa 06 645 359 243 43 
» 22 | — 588 347 241 = 
iis | = 584 340 244 = 
took | ae, 584 336 248 = 
tan 105 565 306 232 27 
i 26 = 546 315 231 - — 
bw Ol 576 347 229 fo 
» 28 _ bo. = 338 238 a 
+ 99 a B65 324 241 a 
» 80 Be BID 322 253 | are 
Totals - . : | 1°72 19,894 12,433 7,052 409 
Averages- Be ae \ 663-1 | | 





and over. a124 loam 1 | | 13-6 
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TABLE No. 24.—(continued). 


CROYDON OUTFALL. 
SEWER GAUGINGS. 
July, 1881. 







- | Flow in Sewer | Flow in Sewer | Flow in Sews? 
Pete om ad due to due to Water due to 
; Supply. Rainfal!. 

























0 cs [oni vr |u| 

July 1 oe 573 | 311 262 & 
f 2 ss 564 288 Pages hes 
Le = 558 300 258 me 
in 8 =e 564 287 7. a 
ae BIB 633 290 on Met EM 80 
ae: 16 620 290 245 85 
Preay) t= yop 513 276 237 2 
age | 02 3 524 290 234 x 
ee ue anise 275 ey 
Peaoeb do pee 545 20taeay 238; a 
es 3 —_— STL gat 329 249 on 
pelene! 402 589 347 249 a 
aor fips Gia 358 254 BS 
i sldoe aa G15 toni 1380 265 ne 
aelb 03 615 340 ee | = 
Memiens| j= 604 336 268. | : 
Mycigee! ix 599 365 a4 | 
MA ak BS arn) G56 limps 4292-40. Meee 4) eee 
Peibrk 201 533 262 | Pet Gg ee 
HenioGye 01 525 283 Sige dae s tS 
etiai| 1055 522 271 251 Pete 
22 055 553 270. piggies i 
er 035 521 270 993 | 98 
Vie 24 03 529 295 209 25 
8 2 pal. 295 bogs tees 

aig 02 521 288 22% © | con 
i ote] 01 524 266 2AGa ile. “12 
? » 28 175 509 265 229 22 
| aa Hi ee a | ae 
1, 1 80 295 514 265 226 23 
aes 365 518 260 211 47 

SS i ER le Od 

Totaliendinn il epee Ci 76 | 17,134 9,169 | 7,557 | 408 
en eee Renate ALi \ _552°7 295-8 | 243°8 131 
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ale Rain re Soren Loskace, se de Rainfall 
in inches... | Cubic feet per | Cubic feet per | Cubic feet per | Cubic feet per 
minute. minute. minute. minute. — 
August 1 05 462 240 222 — 
Reh: ia 452 239 213 = 
eS oh 489 259 230 =. 
hoes = 487 263 924 Le 
Leas a 489 . 261 228 Si 
9 6 a 472 226 246 ee 
Fiat) — 478 291 187 is 
aos 395 B51 241 229 8] 
fa es as 466 261 205 as 
8 Going ‘O15 453 233 220 
Yas 20 458 230 228 = 
ee 1:23 841 250 209 382 
ele a B52 350 202, = 
eel — 51l 303 208 = 
db 03 516 265 219 32 
ried hy 05 520 265 241 14 
elt "265 571 275 220 76 
Ls 03 493 271 222 a 
7 ele 03 541 275 210 56 
» 20 015 541 324. O17 = 
oak ‘405 607 275 169 163 
Bary 03 479 . 255 294 = 
» 28 195 526 255 218 53 
Wit) 07 476 250 208 18 
» 25 ‘Bl 649 250 209 190 
a 520 14 501 290 188 23 
27 — 456 945 211 et 
ae 28 02 483 272 211. a 
aoe 32 558 272 215 71 
A 30 ‘O01 461 45 216 us 
sat 005 490 275 215 aie 
bale Eee cee: oe 4-015 16,009 8,186 6,664 1,159 
ace 0 el Be pier vig) 264°0 215-9 374 


et 
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TABLE No. 24 (continued). 


CROYDON OUTFALL. 
SEWER GAUGINGS. 








August, 1881. 





Flow in Sewer | Flow in Sewer | Flow in Sewer 
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TABLE No. 24-——(continued). 


CROYDON OUTFALL. 
SEWER: GAUGINGS. 
September, 1881. 
SE I Pe! Sy eee FRET 


Total Flow a Flow in Sewer | Flow in Sewer | Flow in Sewer 






































rls Roly Salhi ecener | WRtrphy. eho Baintal 
frcdnches. Cubic feet per | Cubic feet per | Cubic feet per | Cubic feet per 
minute. minute. minute. * minute. 
a er rere er ret fre alee reer ENE etree Soran, 
September ) rp = 506 | 286 220 = 
€ 2 005 | 497 | 283-— | 214 — 
. 3 = | 509° 293 216 La 
r 4 01 504 313 191 ae 
fe 5 345 599 293 | 217 89 
x 6 Of 474 246 219 9 
‘ 7 01 ATT Pie 199 sees 
bs 8 04 | 463 ood | 224 15 
L, ee oo | 444 223 221 = 
Satigliegd Ge 085 5000 246 210 « 44 
A MYT tugiige 1) eae 246 226 29 
PPT? ‘01 449 | 279 170 = 
, ts oe 449 | 234 215 = 
i 4 Sey 9 ee 269 702." a 
Gta ty, 02 478 258 220 = 
|. *td af 477 264 213 7 
, EP 08 482 261 221 = 
as 05 465 245 216 4 
+ Rtg om! | | 450 235 205 10 
» 20 OT 527 235 201 91 
i NO 035 428 232 196 ix 
,  *o3 -28 467 | g20"e0 203 34 
a as ‘01 409 215 184 10 
ay: 50) 563 230 208 125 
; BB 138 436 235 201 se 
i: md 145 465 235 211 19 
a ae 005, 406 195 211 4. 
» 28 = 418 259 159 te 
» aS ae 426 179 247 os 
4 - “SO = 419 206 213 = 
Totals - - 2-065 14,159 7,427 6,253 479 
Averages eee - 18 days 01 


and over tf #720 247-6 2084 | 160 
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TABLE No. 24—(continued). 


CROYDON OUTFALL. 
SEWER GAUGINGS. 
October, 1881. 


Flow in Sewer | Flow in Sewer | Flow in Sewer 


Total Flow in 




















{ 
ae tae power, Teakabe a say ee 
in inches. | Cubic feet per | Cubic feet per | Cubic feet per | Cubic feet per 
minute. minute. ‘minute. minute. 
October 1 = : 397 . 183 214 — 
ey a 382 177 205 ae 
ees 01 373. 163 210 a 
ane aad 02° 374 148. 217 9 
ays 02 373 157 216 ae 
ee 04 380 161 208 ll. 
ape Ny +23 432 165 207 60 
2 gee oe 4] 548 170 - 209 169 
ae 015 382 174 208 ee 
AA 01 377 159 225 sa 
ei 005 _ 383 177 206 = 
Higa ses) 377 164 213 es 
tad 30 456 173 216 67 
, dale Es Py 182 219 c, 
| H 
eo o15 03 385 165 220 ai 
pe eg = 386 188 198 ce 
a ad — | 386 178 208 = 
<RLa8 2 373 170 203 
aaa - 375 178 197 eC 
ee!) 19 AIS 168 219 28 
i ee 005 366 163 . 203 ae) 
5 ge? 110 603 163 208 232 
3 015 463 165 188 110 
4 24 — 401 177 o) ae ‘s 
Se 01 392 193 199 ot 
» 26 03 396 170 218 8 
ary “005 386 171 215 Tk 
yes ae 381 172 209 te 
H | 
» 29, 005 385 174 | 211 PR 
5 530 aus 380 179 | 201 se 
5 San 005 391 182 209 — 
Tateere Sr 2-455 | 12,492 5,302 6,496 694 
sini Pee Aa i 403-0 171-0 209°5 92-5 
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TABLE No. 24—(continued). 
CROYDON OUTFALL. 


SEWER GAUGINGS. 
November, 1881. 





| | 
| Totatcitaw' se Flow in Sewer | Flow in Sewer | Flow in Sewer 












































By iahoh Hains fond Been, ety Sua 0 inne Water | doe 
in inches. | Cubic feet per | Cubic feet per | Cubic feet per | Cubie feet per 
minute. minute. minute. minute. 
198 eo 
: 5 06 ava “F ). 167 207 Be 
a 3 13 4.05 172 204 29 
i 4 ‘01 369 174 195 = 
as 5 ‘255 ie 172 193 | 105 
6 ‘01 S072 eR 202 195 - 
‘ 7 01 361 169 192 me 
» 8 _ 365 161 204 a 
. 9 a 360 174 186 ee 
Z 10 stad 377 182 195 aa 
- 11 05 388 182 187 19 
. 12 pad 385 197 188 oe 
- 13 be 385 193 192 as 
" 14 = 372 187 185 _— = 
dl 15 zy 377 186 191 au 
. 16 23 416 186 176 54 
Ba = 370 175 195 et 
- 18 O15 375 186 189 a 
09 19 ~ 363 170 193 ae 
és 20 25 491 1705 > 197 b4 
4 21 13 428 170 172 87 
i 22 10 377 170 189 18 
“ 23 ee 368 173 195 Se 
:, 24 58 582 175 199 208 
: 25 4] 617 200 193 224 
Ls 26 113 793 200 196 370 
oe ef ay, 603 254 205 - 144 
. 28 Si 3 498 292 206 | Sie 
Pi 29 005 494 4 308 isee= |e 
. 30 05 499 280 204 15 
Totaly: eee 3615. | 12,960 | 5,827 5,806 1327 
Averages - — - he fant 432-0 194-2 193-6 | 44-9 
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TaBLe No. 24—(continwed). | 


CROYDON OUTFALL. 


SEWER GAUGINGS. 
December, 1881. 











Total Flow in 














Flow in Sewer | Flow in Sewer | Flow in Sewer 























ir Rain cee Tae Fr cee Rainfall 
in inches. | Cubic feet per | Cubic feet per} Cubic feet per | Cubic feet per 
minute. minute. minute. minute. 
aa Sete BE ee ee ee ee 
December 1 035 501 280 196 25 
2 9 01 473 275 198 = 
4 3 i 480 263 217 = 
* 4 01 472 276 196 =. 
; 5 13 512 263 204 45 
4 6 BBD 654 263 187 204 
4 7 Mg 501 301 200 a 
‘ 8 16 511 276 191 44 
. 9 18 541 280 179 83 
Pie ee 18 624 283 193 148 
a Poa O75 501 287 199. 15 
1 lade 18 581 290 179 112 
: 13 te 497 294. 203 oe 
ee 06 523 295 201 27 
peaee 1 04 518 289 196 40 
eats 255 506 300 117 29 
jee ‘BBB 781 305 201 275 
fae es 581 380 201 a 
wt me 395 677 310 192 175 
Eg 09 563 315 205 43 
ae bs 572 381 191 ~ 
se ee te) 556 365 191 <i 
sa haes 01 BAB 337 208 = 
ye et RE 551 332 219 a 
pee 2 01 542 366 176 = 
our eee ob 545 319 226 ae 
oem es 543 337 206 aa 
i eas 005 580 371 209 = 
9 29 — 598 384 214 = 
es ao 596 406 190 a 
we fe ae 594 395. 199 ee 
Totals 3 2-865 17,219 9,811 6,144 1,264 
Averages - aad ge ft BBS 3165 198-2 40°8 














wopudy ouny oa) WeYesg B1I;AM 
a BOL‘EStP 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 








Reo @.1X. I: 


TOs THE 


ROYAL COMMISSION ON SEWAGE DISPOSAL ON THE FLOW O 


F 


SEWAGE AT STOCKPORT, MACCLESFIELD, AND ROCHDALE, 


WITH 


- .' SPECIAL REFERENCE TO THE DISCHARGE FROM STvu 


RM - 


OVERFLOWS, 


BY 


Mr. R. A. TATTON, M.Inst.C.E., Carer Inspector To THE MERSEY 
| AND IRWELL Joint COMMITTEE. 








STORM. WATER GAUGINGS. 





The investigation into the sewage flow at Stockport, 
Macclesfield, and Rochdale was undertaken in order 
to obtain answers to some or all of the following ques- 
tions with regard to the discharge from storm over- 
flows :— 


1. Assuming the overflows are fixed at such a point 
that they will not come into action until the sewage 
during that part of the day when it is flowing at the 
maximum rate is diluted with five times its volume of 
storm water, what may be expected to be the total 
volume of sewage and storm water delivered at the out- 
fall during any one day of 24 hours in a town— 


(a) Having a complete system of surface water 
sewers? 
(b) Having no separate system ? 
2. During how many days in the year is it probable 
that this total volume will be delivered ? 


3. During how many hours in the year is it probable 
that the overflows would be operating, and can any in- 
dication be given of the total volume of sewage and 
storm water passing over the overflows as compared 
with that flowing to the outfall during the year? 


4. During how many consecutive hours is it probable 
the overflows would be operating? 


5. Can similar information be given 
different dilutions? 


6. What is the polluting quality of the liquid pass- 
ing over the overflows at any given volume of flow, and 
at given times during the period of storms? 

» At Stockport the flow observations were taken at the 
outfall works, where the sewage is pumped, and the 
volume lifted by the pump calculated. The other 
observations were taken by means of automatic record- 
ing gauges. The gauge at Macclesfield recorded the 
flow over a rectangular notch at the entrance to the 
outfall works; the gauge at Rochdale recorded the 
flow through a circular sewer 9ft. diameter. 


Particulars of the Areas controlled by the Sewers 
under observation are as follows:— 


assuming 














—— Stockport. | Macclesfield.| Rochdale. 
Area to gauge - - |2,970 acres| 475 acres 
1,300 acres 
Population - - 87,500 34,635 45,000 
Distance from ex-| 5 miles. 42 miles — 
treme point of col- 
lecting sewer to 
gauge. 
Fall from extreme | 128 feet, 185 feet — 
point of collecting 
sewer to gauge. 
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_In all three cases surface water is admitted into the 
sewers. 


These places were selected as being towns of con- 
siderable size, where the flow of sewage to the point 
where the gauge was fixed was least interfered with by 
storm overflows. Ideal conditions where the whole of 
the sewage and storm water finds it way to the outfall 
works do not exist at any large towns in the Mersey 
and Irwell watershed, and at each of the three selected 
places during times of storm there was a flow of sewage 
which it was impossible to gauge from storm overflows 
above the point where the gaugings were taken. 


The gaugings of which returns are sent in were 
taken at Stockport between July 20th, 1901, and 
February 28th, 1903; at Macclesfield between July 
28th, 1901, and March 19th, 1903; at Rochdale be- 
tween July 9th, 1902, and March 18th, 1903. 


Basis of dilution calculations:—To arrive at the 
curve of average hourly variation of flow in dry weather, 
days in which there was no rainfall were taken in 
each of the years 1901 and 1902 in the months of May 
to October inclusive. These days were classified accord- 
ing to the days of the week, the flow at each hour 
ascertained, and the values averaged. From these 
average values a curve of hourly variations in dry 
weather for each day of the week was constructed, and 
on these curves all calculations of the amount of dilu- 
tion as measured by the rate of flow are based. On 
this basis are constructed the Storm Water Records on 
Table A (1). 


In order to answer Question 1 a different basis of 
calculation is required, and an average maximum dry 
weather rate of flow has been taken. The maximum rate 
of flow varies as between one day and another, and 
also as regards the hour of its arrival—that is to say, 
it may arrive some hours later on Mondays than on 
Tuesdays. The average maximum dry weather rate of 
flow is the average of the maximum rates attained each 
day. On this basis are constructed the Storm Overflow 
Records on Table A (2). 


Answers to Questions based on Macclesfield. 


Question 1. It is impossible to answer this question. 
as there was a storm overflow on the Macclesfield 
sewer between the town and the gauge which came into 
action when the sewage at its maximum dry weather 
rate of flow was diluted by one and a half times its 
volume of storm water—that is to say, when the fluw 
was two and a half times its maximum dry weather 
rate. ; 


The overflow did not take the whole of the 
above two and a half times, as is shown by the gaug- 
ings, but reduced the flow considerably, and the gaug- 
ee at Macclesfield are taken subject to this 
overflow. 


water 


Question 2. The Macclesfield gaugings show that 
with the storm overflow fixed so that it comes into 
action when the flow of sewage is equal to two and a 
half times the maximum rate, the volume delivered at 


G 
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the outfall works between July 25th, 1901, and March 
19th, 19035, was on 


25 days equal to 3 times the average dry weather 
discharge. 

7 days equal to 34 times the average dry weather 
discharge. 

3 days equal to 4 times the average dry 
discharge. 

1 day equal to 5 times the average 
discharge. 


Question 3. Table A (2) shows when the storm over- 
flow was working, set as it was to come into action. at 
two and a half times the average maximum rate of flow 
in dry weather. Between July 25th, 1901, and March 
19th, 1903, it came into action on 168 days, and was in 
action for 4364 hours out of the total number of 14,472 
hours covered by the period. 


Question 4. The Macclesfield overflow was in action 
during 135 hours on November 11th, 1901, of which 
103 hours were consecutive. On November 12th, 1901, 
it was in action during 13? hours, of which eight hours 
were consecutive. (See Table A (2)). 


Considering the question from the point of view 0} 
the Macclesfield conditions, and taking November 11th, 
1901, for our investigations, we see from Table A (1) 
that the total volume of sewage delivered at the outfall] 
works on that day was equal to three times the dry 
weather flow, that’ the maximum rate of flow. varied 
between three and nine times the dry weather rate, 
and that. the sewage was flowing at. and above three 
times the dry. weather. rate for 16 hours. 55 minutes. 
On referring to Table A (2) for the same date, we find 
that the storm, overflow, which comes into action when 


weather 


dry weather 


the flow of sewage equals two and a half times. the . 
maximum dry weather rate, was working for 134-hours , 


only—that, is:to, say, that for. the remaining three and 
a half hours of the.day the sewage did not. flow at the 
rate of two and a half times the maximum rate for the 
day, although it did flow at a rate greater than three 
times the dry weather rate of those particular hours, 


STOCKPORT 


The observations at the Stockport Outfall Works 
were taken under the following conditions :—The 
sewage was pumped intermittently at the outfall works, 
so that it was impossible to ascertain accurately the 
hourly variation of flow ; the day was therefore divided 
into eight three-hourly intervals in order to eliminate 
as far. as possible the effect of the intermittent 
pumping. 


This. arrangement also averages any short periods 
of a high rate of flow; for instance, referring to 
Table B (1),.December 8th,.1901, the average rate of 
flow between 6 a.m. and.9 a. m. was nine times the dry 
weather rate, but during part of this period it was.con- 
siderably higher, and..during part it was lower. The 
pumps at Stockport are capable of dealing with about 
six times the maximum rate of flow, they will therefore 
deal with a volume equal to or somewhat greater than 
an overflow which wil 
rate has been reached. 


On this basis, during the period of observation at ~ 
Stockport, between July 21st, 1901, and February 26th, ' 


1903, the volume delivered at the outfall works was on 
21 days equal to 24 times the average dry weather 
discharge. 


5 days equal to 3 times the average dry weather » 


discharge. 
2 days equal to 34 times the average dry weather 
discharge, 


There are a considerable number of storm overflows 
on the main outfall sewer in the form of leaping weirs, 
which come into action at varying rates of flow, and no 


estimate can be. given of. the volume discharged: by 
them. , 


The Stockport observations assist somewhat towards 
the solution of Questions 1 and 6, but are useless for 


ae remainder. Storm water samples were taken on 
2 days. 


if 


1 not come into action until this 





Owing to the amalgamation of Reddish with Stock- 
port, the Reddish sewage commenced to flow to the 
Stockport outfall on July 10th, 1902, and allowance has 
been made for this in the calculations. 


RocHDALE, 


The Rochdale gaugings are unfortunately not re- 
liable, as they were interfered with not only by storm 
overflows, but also by variations in the gradient of the 
sewer to which the gauging instrument was connected. 
It was also found impossible to prevent silt obstructing 
the channel connecting the sewer with the chamber in 
which the float, which was attached to the automatic 
machinery was suspended. 


In order correctly to answer the questions which 
have been put, ideal conditions are required, which do 
not exist at any of the places under observation, and it 
would be dangerous to draw from these observations 
general conclusions as to what volume should be 
treated. 2 i 


Information obtained from one place might be quite 
misleading if reliance were placed upon it as the basis 
for another. Each case must be taken on its own 
merits, and observations taken not only of the quantity, 
but also of the quality of the liquid being discharged 
from the storm overflows, and also of its effect upon the 
stream. 

The standard which hasbeen adopted by the Local 
Government, Board, namely, that six. times the dry 
weather rate of flow shall be treated, seems to be a 
reasonable standard for the present, or until we have 
further information to go upon, but it should not be 
permanently fixed by statute or allowed ‘as an answer 
to avcharge of pollution. In cértain cases, particularly 
in -hilly districts where the sewage is discharged 


‘rapidly to the outfall works, it will probably be found 


that a higher rate of dilution will be necessary. to pre- 
vent. pollution. 13% ha <3 Stare 


From experience on the rivers it is found that most 


~harm-is done by storm’ overflows when heavy storms 


occur during otherwise dry weather in summer. This 
was very noticeable during the drought of last summer 


‘in the Bollin below. Macclesfield, and in the Roach 


below Rochdale. 


A heavy thunderstorm brought the storm. overflows 
into. action, and a large volume of sewage containing 
much suspended matter was discharged from them, 
when the stream itself was extremely low and quite in- 
capable of carrying the suspended matter forward. The 
result was that the banks and bed of the stream were 


~ covered with a highly offensive deposit of black mud. 


To prevent such an occurrence taking place the sills 
would have to be fixed ata very high level, ‘especially 
in hilly districts, but the total volume to be dealt with 
at the outfall works need not necessarily be excessive if 
the high rate: of flow’ was.due to. a short although 
severe storm. - 8 


Diagrams A and. C at the end of the tables show the 


average hourly dry weather flow in the year 1902 to the 


Macclesfield and Rochdale gauges. 


Diagram B shows the flow during certain typical 
storms gauged at Macclesfield. o 


During the period under observation storm. water 
samples were taken at varying amounts of dilution and 
submitted to Dr. McGowan for chemical and to Dr. 
Houston for bacteriological report. They ‘have kindly 
furnished me with the results of their investigations 
(see Addenda to this’ Report, pages 177 and 187), 
from which it is evident that storm water, even when 
diluted to a volume equal to seven times the dry 
weather rate, is liable to be bad. The solids in sus- 


‘pension are very high, and it would be of great value 


to know whether settlement in tanks alone would be 
sufficient to remove the impurities. If this were the 
case, an increase in the tank capacity at outfall works 
to provide for storm water might effect a considerable 


saving in the cost of storm water filter beds. 


a ages Tarron 


51 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 























ow 1 Bits 5 
OG ps Gi, 
— tad og p-"ur'd 0f°Z an (ays — Se c z “md eg‘q-ur'd oe'e [is = “c “ce 
{ 
GP G v 
0€ 6 g 
GT 6 9 
oY T 8 
891 °L86 OLS 09 EOD cE-0 UGE “ss or aap ek ‘Ue OF F-"Ul'e OFT | - - - Aepung ‘498g Ane 
9¢8°LF6 4 F0-0 a = 0€ a ‘wad pe-ud ctg | - . - Aepug “439% Ane 
0€ G y 
ST G g 
| ar 9 Avpryy “49% 
| mee ey a CS L ee ‘ume gT-ud or | Aynp pure ‘epsimyy, “ye Aloe 
a ai a i a nar if cp 9 ‘adcpg-uoon | -— ~« .° 
a i 
Si or g 
ees 9 tes 
| 769 9IL‘T a F9-T iia EL Ot aE we og pueste | - - Aepsmnyy, ‘qI¢c ATne 
| ‘SUOT[eD | | SUIT, “SIF “SUIFL «= “SIAL “1061 
: a ea i mi l 
| : ‘Op | | 
2 ratpyeoat Arp ‘aye IBYIVOM | 
*sImo0y [Joy ures ; “suyoruprut j aq4 Jo rota Arp oy} sourty ; 
#% ul : 04 “WoT}eimp -[UUL Ut apeeo ‘Out “eyed 
‘SyIvUaYy pod at SSID YOM Wa9Ayoq SINOFT qyStapryN Sutpuodses109 cones Ee sot 46 Ge L 
n *40 * 118yarea f 
| aWINIOA [840], 183 serpy ene oY} WEY polled 











| | MOF Jo soqeyy 








‘aquoodd VALVM WHOLS CTAIMSaTOOVN 


6225. 





(1) V Wiav 


APPENDIX 


ol, 


ron iid 











WN]OA [240 [, 

















: [[BFUVyY 





Gr G 

‘ 0€ G 

OSE 98L “ULB OE *E—"UL" CT LT-0 = I 
* 

Ol T 
9CF6EL ‘ard QT T-"w'd Ory 91-0 Che oe 
098906 ‘urd Q°1-"UL"e 0g'G LI-0 cP i 

2 | “ud o'g-" “d OF a 3 = | 
| or” 

G G 

Pe G 

0G T 
B66'PLIT “ULB Q'E-" ULB CT PLO | 06) 

| | 
| 0% G 
| cT G 
cy I 
OO ‘E96 “U's OFT 60-0 | 0S cag | 
| 
| or I 
‘urd Ch — 
OIL - ‘ud o’e {u00U 0g — 
O8Z‘L16 086 SUS O'S-FYSIUPIIY €€-0 ¢ = 
F9S‘LES "und ()*L 10-0 06 = 
‘suoy[e@) “SUT «= “SL 
| | 
| | | 
| : 
*sm0 | “‘4ustuptur 
| FG a | mR a | old mwoTyR.Mp 
ei tga ct | posivyostp | i a a po lev I qysiupryy Sutpuodsaii09g 
a 
| | 


mois 


1G) =H 


Oo Py 1 HH 


DP © 10 sH 


oO O10 H 


"qed 
qoyyvom Ap 
ayy yo sajdry 
-]NUI UL 99eL 
aayyeam Arp 

ot} SOUIT} 
90144 BA0ge 


unr TN BONAYAT | 








‘(panutuos)—duoOouy YALVAL WHOLS 


GTHIASHTIOOV J 














Si g TU? CP'e-"Ul'e OSY'ZI | - - svpmyeg s{¢g ysusny 
og T I ‘ad og Ti—"m'd of | - - Aepsinqy, YIES WwRswy 
0G saad | wud OF 'T-02'f ss 4 “cc “< 
{ 
e I > SUR OSL-ET'9 | - «= AUepsoupo ay ‘yIgs ysnsny 
“urd ct 'L-CF'9 
‘urd Q"¢-op'p fwd cee 
cw OT -0s'e furd ¢cT¢-or% ‘ i. - 
= Se | "U'e CFE U'S CH] ~ Avpuoyy ‘yI9s ysusny 
cg Z M'C GF -—“W'e OTC - ABpsnyy, ‘WIE, gsnsuy 
0g T | UR CT 'L—"al'e CFG | Aepsoupe ry “UPL snsny 
oe = ‘ad g¢e*gT—w'd 0°01 ; - ABpingeyg ‘yO T- qsnsny 
‘SUIT, «SAT “TLO6L 
| 
| 
‘9YVI IOYIVIM | 
Arp oy} sowty 
eei1y} pepedd “OUT, -aqeq 


-X9 MOP JO 09RI 
ay} UST Pollo 





53 


ON’ SEWAGE DISPOSAL. 


iROYAL COMMISSION 





























| OTUNTOA [B90], > ][epurey 


BE1‘L09 ~ — 
9L1‘TE9 ‘urd ge-g-"ut'd 0°9 100 
a ‘we'd Og p-"ut'd O'g 0-0 
“cad 
9€6°E99 06 98 ® uoou-"wu'e CTT OL-0 
xe ‘urd 0°6-08'¢ Y wd 0% = 
GLG‘OFTT Ue CTT yStaplyy eF-0 
| 
| B6L‘Z6L ‘vad og -g-"w'd 0g "L O1-0 
moou-"ul'"B 
006969 OG fue Q'S-"U'e YE'9 SL-0 
*SUOT[eXD 
if 
| | 
*sInoy : | -qySruprar 
“SY IVULOY i ¥G chs Oly M 8 ee 8110 | ot 
pesivyostp ere Nee H | qQysupiyy 
| 














ay} sowury 
ao1Y4} eAoge 
MOTT TA ONAN 























-x@ MOL Jo 09¥1 
oY} USYM ported 





eee 7 Opts ‘ud ¢%'QT-—‘ur'd oF°g 
Sh bre ams 7 et ‘oad og'g-"ur'd Og'L 
iri as <5 CAs ‘ud eT gcd oF'g 
a es re ea "UL'e OS TI-"U'e OTT 
ud og 'g- ud 
03°, ‘urd 09g’g-"urd | 
ame \ + o¢ & og ‘urd cggz-urd eT 
Se P 
ue. b= ¢ By SAT | "UL"e OE T-"UL'B OE SI 
ees 3 Aa ‘ard 9°g-"wr'd GT'S | 
a P 
CF ea eC Ul"? CF'O[-"a."e 
CC = 9 el 2 0E°6 Ue OY's—"Ue OE"L 
‘SUP, = “SIFT 10 /\ SP 8 8 
| | | / 
oyel | 
j Jayyeem Arp | 
| ogy yo sod | cove seuywom 
‘uoTyeinp -]NUI UT O4eL Sar q Scag SORT 
sSutpuodsei109 jayyvam Arp WE ese tL 





*(panuiqwos)—G4ooay UALVM WUOLY GTASEDOVIN 





Avpanyeg ‘YyIgz toqureydasg 
Aepsoups AA ‘“YIEZ Toquraqgdag 


Avpinyeg “4s1z Jequieydag 


- Aepiay “YOR toqureydeg 


es “ee 


Avpsan y, ‘Y9L1 roquiaydag 


Aepuoyt “G49 toquiaydeg 


- Aepung ‘yg raquiegdag 
“1061 


27eq 


. 
. 


APPENDIX 























ddI} VAOGT 


MOF JO $eqey 


Ine og + 
“aud OG. . 4 ¢ 
OTI-wa'd OT fue 0'6 G I 9 ere ae or's- 
—"Ure g's SWC OG F- "Ul" 0g 2 ee, L . * . §e * —*T * 
: CLOFEST «| OF SUR Og ZU'e GPT c9.0 oT 8 loa 03'S SUV OZ IAW! OS SE | - =~ = Avpsony, “498 10q0790 
if . 
080‘808 ‘W'S OE TT pure “ws Og", 40-0 | + Noto tr we OL- wed’ | - - Avpuow ‘YIL 10q090H 
“oc 0g RCs 9 . ce “ e ae F P i 
Sy OF GL. ea i AP ol sg ryt ‘urd op-g—w'd 08 
‘urd Td ie - AAA S0TUTG OF Zz 9 f-urd ee-zi—w'd GTI 
S010) SOL UNE EE SPS ae Oe LarA Sy uted Og 'B- ULE OE'L 29-0 et f 0 9 sure Og TT-“we ett | - ~~ Aepung “Wy9 1090990 
‘urd ce‘TT-“ur'd 
OF'OL {urd gg g-‘urd 
0 T 7 ops fcurd op y-"wed ; 
889‘6LL ‘urd Q*[T-"w'd ot'T LI-0 cla Mens ¢ G g OL fwd gtg-urd ogy | - =~ ABpangug ‘YI¢ 10q0799 
og =ot r 
den 2h ¢ 
og @ 9 
: Th eee | i 
6LO‘SHE “une (°S—-FystUpr, 86-0 Co == 8 ¢ ¢ ‘ue g¢-qystupyy | - - = Aepety “49 10q0900 
re | 7 
ce 1 G 
Nts - ce 9 
FOL ‘SES ‘qystupru—un'd GT 6 €3-0 0+” = L | a | ‘qysupru—"urd ctor | - =~ ABpsinyy, “‘prg 10q0990G 
“Aep og =6«t v 
snotaatd § jo 4tstuprur 02 T G 
pure ‘urd Q*[[ weemMgoq G T 9 \ 
61969 [[eyarer “suL LT. 0} ONCT = eae L oF oT ure OF T-JyStupI | - Avpsoupoa Ay “Pus 10eqoqG 
| 
ST I ¥ ~ 
susrapies be T G ‘urd ge*tt-"w'd 
—'ul'd (in QT ‘Ure —_ I 9 OS] ‘TT Ue: Ccl‘6-" Ure 
GL6‘V6L 06 + Ure GG Ue CPT 86-0 0608 8 Ove .S GP's Ure OGG "WS OF'ST | - | ABpseny, ISE 10q070O 
‘SUOT[VY ‘SUI “SIA, 1106 /\ ae 6 | “106T 
1 , . 
| *OqUVd | 
ney \ Eee bike Aap *OVVL LOY VIM | 
Sino | “Tray ures | qystuptur e ayy Jo sepdry Sap oyy sour : 
. $G UL \ See 04 ‘uoTyeinp -]UOL UL 4B ; : | -09e 
epenreH posreqostp | yoryM waeaged SIMO | gugiapryy Sutpuodses109 qayqeem Arp eo hucirar oe | euIL, a 
| PUINIOA [R40 ,1, |: ypeyurery otros on. ara norte | 
eo 
| | | 


a a 








‘(ponurjzuos)—auooay AALVAA WAOL ATAMSAIOOVI 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 








OOF S69 
FOFS6LT 
Soe ‘OTL 


GIL‘E08 


316 16 


00e*L¢9 
009‘8TL 


09¢ ‘SPL 


96F°6L9'T 





“U'e CFG - "Ul" 
06 + We O'Z UR OE°ZI 


“urd og’¢—"ur'd 
org Surd Og-'BT—"U'e 086 
‘urd e7 | Turd OTT 

‘urd 9g*g—"ur'd 


0G ‘wd Q'T-w'e OTT 


‘urd og’ T-‘ar'd 
OT fue GPp-"Ur'e OT 


“Ul"e 
OTI-are gor Fue 
06 Sure OF Sure Og 


“UL'R Q"g—"UL"e OE" 


"q90T ‘Aepsany T, 
uo ‘wd Q.{[-‘u'd 9'oT 


‘ule (OTR O'T 








F0-0 


8T-0 


I1-0 


L0-0 


€0-0 


9-0 














GG 
ct 
OG 
0% 


OF 
0€ 


0€ 
Si 
06 


0€ 
0€ 


fie 


ee OSB 


mM H19 


| or] 





> Es © 10H 


10 +H 


O26) =H Lo 


Pe 6 10 SH 


LQ) 





© 10) tH 





0G 


OV 


0& 


OL 


0G 


“We 0Z‘0T-"w'e 
OF'6 *U'e Op'g—"UL'e CT"T 


“urd Qg-g-“ur'd Qg*¢ 
* und: 'Qg*] = "ure “OTT? 
‘qystupru—"urd OB TT 


‘urd 0g'g-"wr'd oF" T 


"td cP {T-"u'd 
CUT Sure Ope Ue OFT 


“UL'e OE T[-"uL'e 
OTL ‘cure Og‘O[-"w'R 
O'OL {Ure CL "p—"U'e Gere 


“UL'R 0G PUR OTE 


UB OGG U"e OF ZT 


‘Ul'e OG*g-—"mU'e 
OVS] *Ul'e OS I-FYyStaprIy 


‘qystupruur'd OF-9 








- ABpLyT "WYIEZ 10q0790 
- eps, ‘Y9FS 1040190 
Aepsoups A ‘piez 10q019() 


- Avpiayyq ‘YIStT 1390709 


-kepsanyy, ‘YLT 12q0399 


- Aepung WIT 10q¢07009 
- Aeprngey ‘YS 10q09909 


- kepuyy WATT 10q0700, 


Avpsoupa Ay “YG 12q099Q 


- Avpsony, ‘YIg 10G0}0O 


APPENDIX : 





‘QSIVYOSIP LoY{VeM AIP 9SVIBAV SOUITY 














“We )'6-FUSTEPT 


‘urd OL ue 


T'S Q'9 


"urd GT "9- 





0&-0 


tv-0 


81-0 


96-0 


66-0 


£0-0 


1D 
pes) 
mal 


wD 
a 
| CR CD se AEE IO CYS NOS FES BSS 


S28 
| ANG 


oo 
AS 
| | ate 


| 
| alee | Steno ts Ae oes P Seen eee ee) 


‘SUT, “SIqT 





CO O10 HE 10 HO O21) HOI CO 1H HOH HH 


dict 





Lies Ft oa 


P= OW HD D1~ OW HHowWOI10 H 





OF 866 
ST al 
g 81 
% 
A ea 
com fg 
| FI 
g¢ 9T 
OF I 
‘SULIA, “SIFT 








E=[[BJ7NO 7B peiealjep owumjoa 1B{OT, | —OOO'SLL‘T 
‘QSIVYOStIp 1OYVVIM AIP OSVIOAV SOTITY -qyStupri—-ur-d 
E=[12JNo FB poroalfep sunjoa [wIOT, | OOS LIST | OGL SUR O'OT-"W'e CT’C 
‘asIVyosip ayyvem Arp soury aie : 
Se= ][eJINO yw pelealjap YUINTOA [BIO J, 000880 G Sy'6 +e GPE UB O'T 
‘td Og 'ZI—wW'e 
GLEOP'T =| ST'9 Me OS T-4YS UPI 
“yy stuprur— ‘wd 
OOS*LSTT O'S Ure CT 9-JYSTUpIW 
: 00S FFLT 
‘asIVYyOstp JoyyeeM Arp osBsoae sowTy | 
¢=[]BJJNo 4st petealjep suUIN[OA [RIO], 
“ul'd GL¢ see ee ee ee ge 
‘urd 08'S oo 66 66 6é ¢ 
wd 0% “* ‘AMC 94} sou F 
> U9YVI rojdwuVg JaIVAA ULIOIS | 186‘GH6'T ‘ud Q'9 £ uooU-7YFUpIP 
‘asIVYO 
-sIp Toy1vea Arp esvi9ae oy} somTy | “qystaprur—ui-d 
G=][eJjNn0 ye peloaljep swMMNjOA \Vv4OT, 000 F81S O°E SU's OG 0} FYSIUPIPY 
009°SFL ‘qystaprormu'd OTT 
“SUOTTeY) 
| ‘sanoy . 
pt an F% Ut Ue ed he 
SYTVULOY | poSaerpostp TOL M W99A\Jaq SINOFT 


| OTUNTOA [¥I0,.,, 











“yyo LUpTor 
04 
dys LUupry] 
2 L[SPOLe 


‘uoTyVANp 
Sutpuodse1109 





‘(panurquoo)—AuootyY UALVA WUOLG T1IULASYIOOVIN 


rayqvem Arp 
949 Jo sojdry 
-[NUL Ut o4RI 
rayyeom Arp 
oy} seurly 
9014} 9A0GR 
MOT JO soqey | 


'O7VI IOYJVIM 
Arp 9y} sourry 

gely} pepedd 
-x9 MOP JO o4R1 
oy} USA polled 





"wre OE "6-FYStUplyY 


‘qystu pru—‘ud 
Chg fue O°6-JYStUprY 
‘qu stuprar 
—u00u £ UL'e OE'OT-‘W’e 
Chg HUB OS'F-AY TUPI 


‘ule QE'g—"UL'R 


OL Sue og—-qysiupryy 
*qystupim—‘ur'd 
oss fw Og L—"Me 


0% 9 SUR CT F-"U"e GT"E 


“T'S Q'9-FYSTUpr]Y 


“qystu 
-pru—ur'd ¢T'8 § 03"E- 
OST **are QS*S-FYS1uplyy 


“ys 
“pram d o'g £ 0G"e- 
OFT 1 Ue Gp g-Fqstapryy 


‘qu stuprur— ‘ud 001 


‘ 





- ABPLIyy ‘puzy 1aquisaon 


Aepsinyy, “ISTg Tequraaon 


Avpsoupa AA ‘Y90G 1oquseAoN 


Aepsony, ‘WIGT 10qwWoAoNy 


Aepuoy, “IST 1equisaon 


Aepsoupa A, ‘YIgT 1equisaao Ny 


Aepsony, ‘IGT 1equiaao 


Aepuoypy ‘WITT 1equMeaon 


“Xepung “TOT 1equteAo Ny 


“LO6T 








‘OUILI, 





LU @ | 

















57 


‘QSIVSTp 1oyyVIM AIP OBVIOAS SOTUTZ 
€=[[RJjNo 4e poJAT[Op ouINTOA [eIOT, 


‘asIVYstp 1oy{VaM AIp VsVIoAe Soult, 
€=[[eJjno 4B poJoATfep oUINOA [eIO]J, 


‘ISAIBISTp LoYYVIM AIP VSVIGAB SoUIT} 
S=[[BjJno 4e palealjep outNjoA TROT, 


ON SEWAGE DISPOSAL, 


‘adIVIpOSIp JoyJVaM AIP oSV.19Ae SOUT} 
J} g=Tpeyyno ye poarteatjap ouInfoA [e40], 


ROYAL COMMISSION 








000‘09L‘T 


000°928'T 


000‘968‘T 


000‘°L13'S 


008‘L0G‘T 


008°SL0'T 


“smOTIeD 








‘qystuprm—"ured 0°T 


‘und 0'9-"tr'd OG 


‘ud g‘oT-‘m'd 0's 
£°UL'@ (GUS GTS FUL" 
OG Swe O'E-IYSIUPIW 


‘qyotupru—"u'd 
Oo“. ‘fcurrd cpc-w'd 
GPT fs OG W ‘Ue 
O'S 7B FUL'e OE TW" ('T 


‘at'd 0° 
amd go, fue g-"w'd 
O79 fue O'S-IqSUpI 


“qystupru-—‘o'd 


(06 fue OL Ure Og" 


| 


‘utd g‘ot-"w'd 0-9 





*BYAVULIY] 


“‘sIN0Y 
to WW 
pasreyostp 
QUINOA [40,1 


gaara 
YOU W99MJeq SIMOF, 


| 
H 











0& 


uw 








O0€ 


‘BUTI, “SLT 





SS v v 
0g i g 
GV-0 GY a 9 
cT L ¥ 
am € g 
0€ G 2 
60-0 Ol ome | L 
O06 8 v 
GI v c 
= ts 9 
61-0 ee if L 
Sy 9 y 
mu v G 
CV i 9 
ih eee 8 
46-0 i 6 
rea. oe ¥ 
roy Il G 
0& 6 9 
a 9 8 
0g =~*F OL 
0S-0 0€ T él 
cP € | v 
Or € G 
og §& 9 
cadena) L 
G-0 oR T 8 
OV U 7 
Oma ae g 
IL-0 Gem AP 9 
“SUT, “SIFT 
"OYEl 
rayyeom Arp 
‘qysraprur ayy Jo soydry 
04 ‘uoryeinp -]NUL UT O4RI 
qystuply Sutpuodsai109 Jayyeam Arp 


* [[esureyd 


ayy sauiTy 
daly} oAoge 
AOL JO 8o4e IY 


‘aye IoyyeOM 
Arp oy} sou 
aa1y} popedd 
-XO MOT Jo o9e1 
ol} USA porto 








‘(panuyuoo)—auoouy ALLY AW WUOLS 


GTaIASHTOOV AL 


FI 


OL 


Or 


FI 


¥G 


3 





‘qystuprun 
“SUF frat? O'L-4FSTUPTT 


‘qYSIUpIU—-CH OT 
Sud ep'e-‘urd ef'¢ 
Sure = Gh'S — AYSTUply 


“qystupror—"ur'd 
06 Ue OY-IWSUprpy 


‘JY STAplUl—-Og OT 
cpg ‘urd og'y 
cpg — ud SPST 
uH'e OS'S — IYSIUpIPy 


‘ud 
‘ud 


aN ON om 


‘QYSTup,W-JYyStUpryy 


‘qystuprur— "ud 
0€'6 {W's C'g-"Ur"e “Og '9 


‘qysruprar—ur'd -0g"y, 





Avpsmiyy, ‘WISI 1aqweaoaq 


Aepsoupo py WITT toquioooq 


Avpson J, ‘YJOT tequieoaqy 


- epuoy, ‘96 Taquria.aqy 


- Lepung ‘yg Tequs0e(T 


-(epingeg “Y4L requreseqq 


— 


Aepsingy, ‘9g Ieqweoeq 


“TO6T 





‘out, 


aqvqd 





2 


APPENDIX 


58 























og 6 
O& 6 
OF ¢ 
Lee 
6 9 
= vy 
cP & 
SP 8 
= Lal 
‘SUT, “SARL 


“4ystaprur—ur-d 
org fcurd ggeg--ured 
gg f mr'd og'g-ur'd 
CFT f We 0ZgQ—UL'B OC 


“Te OE 6-4 STUpL 
‘qystuprur—"ur-d 0Z"9 
"Une O° L-JYSUpr 


“qyetuprur— “urd 
OL'G § UR CTE -4ySTUpTN 


“‘qystuproc—"urd 0g 
UR CTL“ OEE 


‘urd 0 ‘I- ‘urd 
cpg $e OZ -IYSUpyy 


“qq stuprur— "ud 
08 § Ue O'OT-FYSIUpI 








Aepsoupo mM ‘9¢Z Ieqtuaseq 


Avpsony, ‘YIFZ toqumiesa(y 


Aepuoy, ‘pagz 1equieseq 


Aepsoupa Ay “UIST toqureseq] 


Aepsony, ‘W9LT 1equresecy 


Aepuoy 4991 Joqurasoqq 


- Aepung ‘yAET requresaqy 


Aepinyeg “YIFT Jaqureoaqy 


epuy ‘GIS Tequmace(T 


“LOGT 











_ 000°62¢'T = 7 i | 
O& 8 ¥ 
cP L y 
‘QHLBIOSTP TOyJVOM AIP VSVIOAV SOUITy = 2 9 
€ [Lejyno 4e poartealjep ewmMyoa [vI0], CLLFZ0'% *pigz WO [[Byurer 07 ong —_ — P 8 
senile 0 & | b 
= OSGFLF‘T "und Og QT-"mu'd Og'¢ 8-0 on ) g 
‘ 
a 000°9¢2'T ‘urd 0°¢ 10-0 es es 
= GLO PLFT ‘qyStupru—"ur-d 0°6 10-0 cl * ¥ 
‘urd 0'OI-‘w'd 
= OOO'GOF'E | OSG | Uoou--ur'e O'OT 16-0 Che v 
a 00¢°ZS88 “IPT UO [[eyureL OF ond aid = “7 
<3 L ¥ 
‘asIVYOSIp Ioyyeom AIp OSVIOAR SOUITI 0z F ¢ 
Fg=][2JqNo 4B poisaljop oumnjoa [RO], 000°EES‘T ‘urd g'g—"ur'd Qe 10-0 Cy ad 9 
ST or F 
. 0€ 8 g 
‘QSIVYOSIp 1aqyVoM AIp OSBIOAVR SOUITI ‘urd oe ‘9T-‘u'd 0g fi 9 
FE=[[BJNo 4e poroatjap ouNjoa [eqOJ, 00016 Og'L f ‘UR OS F-TYSTUpI] FL-0 “a F 8 
*SUOT[eX) “SUIJX “SIFT 
oe 

Jeyyeom Arp 

“*sImo0y “110 ures *4qstuptur ayy yo soydrq 

% wm : 04 “u01y2.Np -[NUL UL 9981 

ontctagg! pesieyostp Wore. Hoemed eer Qu slUpryy SutpuodseLi0g sayyvem Arp 

OWIN[OA [840], > [[eyarey ay sourry 








9o1t]} VAOGR 
MOP JO 804e 7 


"9781 IOYYVOM 
Arp 949 sourry 
ee1y} papedd 


-X9 MO JO 94RI 
oy} UsYM polled | 


‘owl, 





(panwjzu0s)—aq4o00dy YALVA WAOLY AIMMSHIOOVIN 





59 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 





‘aoIBIPSIp Lay}vea AIp 9SV19AV SOUT} 
Fg=[[RJINO 4B pa1aaAljep 9UIN[OA [JO], 


‘QoIVYSIP LayQVOA AIp GSV.1IGAB SOUT] 
€=][BJgno JV paloAljap suUIN[OA [RO], 


GLLOOL'T 


00S‘0Z9‘T 


00¢‘0L9'T 


00¢‘6L9'T 


00S‘SEs'T 


008°629'T 





‘qystuptur-—"ur'd 0°¢ 


0-0 





0& 
OF 
GE 


0G 


0g 
SP 


06 


OF 
0G 
Sv 
0€ 


Sed | ares ee OOD 


peat 














020 mow mow 


O26 = 





0& 


0g 


SY 


él 


lal 





“‘qystuprur—"t'd 
O'9 SUB O'L-"U'e OF SI 


O'9 § ‘U's O'T-JYsIUpI 


“qq stuptur—"ur'd 
O's § wR O'OI-Fystuply 


“qystupru-—"u'd 0g "p 


“Ue OL -FYStapryA, 


‘qystuprar- "uid 
036 ‘md Gp'g—urd 
gg + "ULB OS'E-"UL'B O'S 








Avpsany, “4S8Tg soquieoeq, 


Aepuoy, 490E 19qulese(T 


- Aepung ‘496% 1equiesa(T 


Avpanyzeyg ‘Y4gy Jequiseve(] 


7% 


~ Avpuyy ‘Y4LZ 19qwied0qT 


Avpsinyy ‘YI9Z Jequiedoq. 





H 


a 


. 
. 


APPENDIX 


60 



































00S‘Ez8 = a t oles ‘urn og'e-0E'F | -  - Aepung ‘yyy Avenue 
é ; | EEE! v 
00L 166 asS | = cP ak ¢ 0Z T "Ul'e OG T-"W'e OST | - Aepinyeg ‘q711 Avenue 
| — ¥»¥ b 
| 5 fetes ¢ 
bee cI € 9 ‘urd 0z‘6-‘tu'd 
009'T0E'T “UL'S Q°Q-"Ul"B Q'S | 60-0 oe 6 L g 9 crLi cme cpy-mecre | - - Avpruyg ‘yor Arenuer 
000‘LTE‘T “Ure 0°9 10-0 — = a yd) Ue OL-FySTUpTy | - - Aepuow ‘q39 Arenuse 
‘asreyostp 19498eM Arp 99V10Ae SOTUTY . 0g g ‘qqStuprm—w-d 
SS TTEHAO Fe. Pose atlOp coun [Oe 270.1, 008°09E‘T "UL"? O'T | Z0-0 0G yr 2 G ee ker A Cl'6! "we Og G-Iystuply | - - Avpung ‘yi¢ Arenuve 
‘asreyosip 19yy20M Arp o5v10A8 SOUITY 
F=[[eJgno ye polealjep oumnjoa [e407, . 
ce OF eee e ‘ ce ge OL Al - 
“ce 0's eee ce » ce ¥ ce € G 
‘md O'S "" “AAA 94) sourg Fp G9 6 9 : 
*UOHVZ SO[AUIVS 10}8\\ BII0}S 098 °661% a na 0g" I 8 o€ 6 ‘qyustuprur—"ure og's | - = - Avprngeg ‘yp Arenuee 
002‘8LE'T = — — — neers ‘we og'y-yysiupryy | - - epg ‘pag Arenuve 
Claas F . “44S1U 
0g 9 c -piu-"m'd Q'TyT £ ‘ue 
‘esIVYyOStp 10y4%eM AIp OSVIOAV SOUITZ OF T 9 CZ LI-@' TT £ We Og‘OI- 
S=T1B}INO Ye poreatfep ounjoa [VIO], 00¢‘9Z8‘T “ure OT I-49 STUpry €1'0 mee al L 02: If O'OL {wee Og'6—9Ustupr, | - - Avpsmyy, ‘pug Arenuee 
0g 6 b 
0€ 8 ¢ 
| lie ae 9 
‘asIVYOSIp I9YQVOM AIp VSRIOAV SOUT} ‘qysrupim—"ud — c 8 “qq stuprur—"ur'd > 
F=[[BJNo 4B poroatjop owmjoa yeyoy | Oos9ce'% | O'OT § we OS-IySTUpI | S1-0 at eG 6 06 «9 076 fue Os's-aystupryy | - Avpsoupory “gst Avenues 
“BUOT[VY) | “SUIT, “SIET ‘SUTTAL “SIFT “CO6T 
: * ‘ 
87e1 
qeyyeom Arp P | 
ee TOF Urer eee moTye.inp ge ae kxp oy sour) | 
I 0 *m0T} RIN -]NUI UI O4RI : ; 
tae oe pesieyostp HOTS Use Ajed eno qysiupryl Surpuodsertog | ssyyeem Arp ae ay Ld oe our Bae 
OUIN]OA [240 T, 3 |[epurey | 949 soulry ‘i Ud lah 








9o1y} VAOge 
MOT JO 894VI] 


ot} USYM polled 


‘(ponusquos)—aaooay UBLVA WAOLY ATalaSaIOOVW 








61 


ON SEWAGE DISPOSAL. 


ROYAL COMMISSION 


‘asreyosip ioyyeeM Arp oSe19av Soulty | 


¢ = [[vJjno 4e poroaljop ouMNjoa [eo] | 





082 ‘FF0% 
00L‘O8F‘T 
008‘8T2'‘T 


002926 


“UL'e (C'F-"W’e CE 





urd Q°g-"UL'2 OS ‘OT 


"urd Og'p-"UL'e OTT 








GL-0 


ve-0 


81-0 








OF 
Or 


ST 


Ww 


GG 
og 
0€ 


sas Oh 


ao © tM aH 





0€ 


Or 


ST 





Ov 





"UL"? OG 'S-FYSTUPLT 


‘qystupror—"ur'd O°! 


ur'd 0g*e—ut'd 
Ue Q'G—"Ure OBZ 


"WG OGL "UR CLF 





- - Aepsony, ‘yI9z Avenues 


- - Lepuoy ‘491g Arenuee 


- - Keprnyeg ‘y4ez Arenuee 


- - Avpsinyy‘pigg Avenues 


APPENDIX : 


62 




















OF ame 
o => 
00€8F0'T “UL? ()'T-FYSTap yy, 0-0 1) Sd 
| , c%  ¢ 
| Ol’ = 
Sid gear 
000°C9L‘T “Ue O°S-4yStuply, SLO ae 
G j 
{baal 
000‘6E8 “W's O°T-FySTUplyy 10-0 a 
000°FIT'T ‘qystapr—"ur-d Oy 0-0 _- - 
! -suoTIe9 ‘SUI, “SIFT 
| ‘sIn0y f | ‘44s tUp ra 
- “TOF rer | rath : 
FG UL 04 uoryeinp 
*BYICVULIY peSreyostp OI M We9MJeq SINOFT qyusiupryy, Surpuodseii09 
OMUNOA [BIO T, > [[eyarey 


MOT JO saqey 














y . 
G “ ‘wd Ol'F-"u'd 
9 % @ ore curegpe-m'BOgT | - - Avpuy “497g9z Arveniqey 
7 
g 
9 
L sl ¥F ‘He slp-qysiupia | - Avpsinyy, yqLg Areniqeg 
v 
g 
9 / 0¢ 3@ "Le O§-G-yStUpI | - - Avpung ‘pagg Areniqeq 
oe Os ‘qystupra—m'd Q'TT | - Avpangeg ‘pugg Arensqag 
‘SUI, “81 “CO6T 
‘ayer : 
Joyyeom Arp usieaiane 
aya jo soqdry | ci) oun somrts 
lees kn aay} papesd ‘OuILI, 098 
Saudaaeae -X9 MOT JO 04¥B1 
aait{y aAoge oy} Wey polled 








(“panur7uo02)—auond ULV AM WHOLG G1AIdsaIN0V 
pany 


63 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


u 








OS G F 
/ OV. -<1 G ¢ 
0G I 9 ‘U's CF f-"Ur'e 
006‘OL0'T “UL"G ()"G-"UI"e I 61-0 DAT 4 8 ) 1 a | Og'e £ we oF g—ur'e Og - Avpemyy, 40% youryy 
) | 
0€ G | F | 
: pore alte, | ¢ ‘Ue OF'g-"UI'R 
OOF FES “me (GE '9-"W'e OST | FL-0 0G as | 9 | OF € | OFS SUR Q’E-"U'e OZ'Z Aepsoupa AA “IGT OI yy 
"WIFI WO [eyMVeI Oy onp | — & t | / | 
‘ ¢ Gers . “Th? . 2 — "WHT . 
000°L90‘T | ue (p48 pue “Ue ()'T | €0-0 I g 0 9 ) we Q'9-JYySIUpIy | - Awpinqeg “yyeT yoreyy 
"74 S1uprur—"o'd 
fall ¥ 17 CHL fume 9z‘9-‘ul'e 
000 086'T ‘urd Qg*T[-"ur'd 0¢"9 | £8-0 o¢ ot ¢ ce CP’ Sune oF SZ I—-Fy Fup - Aepuy ‘FT yore yy 
O€ I 4 
sie I ¢ *yystupiui—"ur-d 
008‘S16 * ued og*tT-"mi'd 0°8 | 01-0 1 ee oe 9 Be CF OT turd g-oT-"w'd 0¢'6 - Aepsimyy, “YS your 
cY € 5 ‘UL’? OE '*S- Ul’e 
00° 10'T “TL? 0°6-"UL'Y 0S FI-0 or £6 g a OG F 5 ULE OZ'Z—"Ul'e OTT / - Avpuoy “IOT yoreypy 
0S U PF 
‘ud QQ (-"u'd ¢ T ¢ ‘urd 9'o{-"ur'd 
00€TZS 0f'8 “Ue ('E-"U'e ()'S 60-0 ms i) 9 OF a 06 *‘Ul'e EZ'g-"UL'e CHT - Aepung ‘446 yoreyy 
‘ud go {-"ur'd 0s _g $ ‘urd QZ T[-"w'd 
008136 OL 5 Ue O'L-"UL'e OE'F 12-0 C= ¢ 06 » ¥ 08 ‘M's OF'G-"U'e OE'F - epingeg ‘qIg yorep 
*SUO[[VO ‘SUI, «=‘“S.IFT ‘SUIT, «= “SAT ) 2061 
| : 
a | ‘9yer . 
Joyyeem Arp : 
‘smo ded ebiiex ‘qqstuprar omy Jo soydyy sien sours 
#G Ul Tier at ae 074 ‘moTyeInp -[NUI UT o9RI eats papeeo ‘quit, ‘one 
‘WyTVUIOy poSieyosrp TO A useAord H qusiupryy Surpuodsesioy | sJoyyeem Arp | tog ie mic ; 
O@WNIOA [240], > [peyarey 8q} Sout} 


























daly} BAOGR 


ou} US| portog 


MOT] JO Soyeyy] 


‘(panwiquoo)—duoordy YALV AA WHOL ATALASAIOOVYIN © 


. 
. 


APPENDIX 


64 














*‘SYIVULI IY 





| iT Pv 
| oe SZ 
‘qustupra—"ur'd FG 
| OOL‘E8I‘T O'8 fue Og 'e-FyStUpIPL 81-0 an 
—  F 
| Che. 8 
009‘S¢2'T Ue CLUB OT 90-0 0g I 
09,060,T ‘ud g*T{-"a'd 0'9 80-0 Cece 
—- ¢ 
ie re 
ene 
| 08G'ZS6 “ULB (GUS OE 'ST IL-0 GT T 
| 006‘080‘T ‘urd g'o1-"w'd 9° 98-0 ce Tt 
006826 ‘ud g'ot-"u'd 0°6 40-0 ‘ie 
0 T 
Vee ee 
008‘g0L “U's OS 'GI-IYStUpryy 90-0 Nas 
“SUOTIe) “SUI, “SIE 
| 
*sm0y : “44 stuprur 
¥% Ul OU a 01 ‘uoryeanp 
poSreyostp TORTS upesged Sno Ht qysiupry Sutpuodsei109 
QUINOA [BIO], > [[eyurey 











~o wo 


x 


oO wm sH 


ee) 


‘ayer 
qaygvem Arp 
ay} Fo soydry 
-NOL UT o9e1 
Jayyeam Arp 

oy} sarury 
do1q} VAoqe 
MOTE TO Soqeyy 








or- 9 
oe =L 
0g =F 
OS 
0€ ZG 
DE Tee 
06 tT 
‘SUT “SIFT 


OVVI LOYYSOM 
Arp oy} soul 
9aiyy pa 
-X9 MOT JO o9v1 
ay USYM poled 





‘(panunjuod)—duooay ULV WAOLS ATAMSTIOOVIN 


‘qystuprur—"u'd 
CF-6 * ULR OL-"UL'e OE'% 


= “O'S OE *S8-"U'e 


OG fue OT-FySTUpI 








‘qyS.uprur—“ur'd Og"L 


‘ore "9g G—"Ur's O'T 
“yystuprur—"ur'd Og *6 


‘ud og ot-"mr'd 0°01 


WR OF T-"W'R OSGI 





‘oul, 





- + Aepuoypy “48TE YorP YT 


- + AvpsmyT, “4713 WorVepyl 





- Aepsoupo A ‘499% Wore A 


° - Aepsony, ‘YICESy Your 


- +  Lepuoyy “IFS Your 





-  Avpung ‘prez yore 


- - Aeprmnyeg ‘pugs youreyy 
‘C061 





UT @ | 





65 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 





















































' “‘qystupru—"w'd 0's |OT-0 CF — P ‘ud eg Tt [-“u'd 
OOL‘SL0‘T “U's O'T[-W's 0'9 [(01-0—026-0 0€ Es G OF T ChOL Sule Gpy—"U'e C°) - Sepsoupa ay ‘YIOg [Ady 
CS io t 
| acted “utd (°G-"UL'B 08'S: |ST-0 Ol & g 
080°88 TT PULe O'G-IYSIUpT |CO-O—03-0 a 9 UTS “Ue OT'S-JYSUpry, -  kepsony, ‘pugs pady 
OF I t 
C6 = ¢ 
O09LLL ‘ad o'y-"ur'd 0'¢ Fz-0 GT x 9 OL G ‘urd 0'g-"wu'd OT'9 - -Leprng 490g judy 
‘ud og ‘ot-"u'd 
080‘CES‘T ‘ud (OTB OE "TT 6F-0 eo ee a Go of 06 Sud op g--urd cT'T -  Kepsony, yet pady 
0G ae ¥ 
| G 3 
00S *GOL “UIST UO TjwjyUTeI 07 ONG] = og aaa 9 Ci T “U'e CT T-9ySupiyy - Aepung ‘q34¢] [dy 
UG es 7 
Ob g 
cae sag 9 
008 ‘G68 ‘ud Q*[[-"w'd 0g ‘OT 80-0 0G = i 0g ca ‘qystupla—‘ti-d Oe 'T] - Awepainges yas Tad 
PADS WSL (Hey 
as & V 
ce i g ‘ud 9g '1-"w'd 
00S ‘6 IFT ‘und Q°f-"W'8 0'¢ 96-0 cw — 9 0 8 OPP UCR OPG-"W'e O79 Aepangeg ‘yye judy 
Tee ig 
OF G ci 
00 ‘TF0'T “UU'R Q"G—"UL"R ()'% 60-0 ce 9 i) me ‘W'Y ('9-"U B 0G - + epuy ‘yap Judy 
0€ G F “Ue (Q'G-"WU'e 
ae | ¢ 08's fF "Ure Ogz-"ae 
aeF-3. Bes OTT W's —_ i! 9 OL fue ge yF-‘u'e 
O86‘891T =| OL fue O'E-FysuprIy 60-0 = Sat i OS OF 08'S SU's OS T-IYySiupryy -  ~ Lepsony, 4sq pudy 
BUOTTeD BULA, 8 SOT “SIAL 7 “6061 
r ~ 
; *07B1 
‘ qayyeom Arp ; 
came : “‘9qStupru 24} jo safdry hte edi 
‘SYIVUIOIT Vout Tle} ures 04 ‘dolye2inp -[QUI UT 2981 re 4 
peSrerostp OIA useayeq smm0A qysiupryy Surpucdseriog =| soyyeem AIp bl ed Pate oe raved 
SUINIOA [BIO],  [peyurey au} som -X9 MOP JO oeI wl 








‘(panwyuoo)—GUuoodY UALVA, WUOLY Gidiasatoov 


ae1q} VA0qe 


MOP JO soqeyy 


oy} Wey polled 





6225 


. 
. 


APPENDIX 


66 



































ee. -¥ ? | 
Or ¢ g 
008°c9F‘T ‘qystupra—"unrd 0g '9 89-0 o¢ * co OF ‘qqsrupror—wu'd OTL | - = Sepangeg aL Avy 
= T - “und OlF-ta'd | 
009‘88z‘T "oud ¢—"u'd 0°] Z-0 0 g o¢ ¢ 0¢'s {we OE'S-FUSTUpIy | - + + Lepuyy YT Av 
md {j-adQy |ee.o —= 47% F 
0038‘ LS8¥‘T ‘uoou-"m'e ¢ |1.0.0—Z9-0 pe Gg 08 oF ‘qystuprm—"u'd gt’, | - - Aepsanyy, ‘yzeT Av 
000°E€0'T “wird 0'6-W0ON, 01-0 oe Se aie ani "we ogor-"'d ogg | - = Apri “t96 Avy 
000‘E86 — — _- - _ of ‘umdgg-mdgg’z | - - Aepsoupom ‘y9L Avy 
ae T F | ‘tad g'y-‘ur'd 
088‘9¢0‘T ‘ud g~"ur'd og"¢ ZL-0 oe — ¢ CGa | os'9 S weer T-qystupy, | - = - =~ Lepsany, ‘499 Av 
‘qySiupra— 0€ I F ‘UL'S ('G-“U'e 
‘urd 001 fmeQ'G-"mUR Oia G ogg f*we |p 'yL—uU'e 
000688 og'9 sue O°g-FUsTUpIy FI-0 0am == 9 coh Weak ers OL fue opg-ure OFZ] -  - = + Avpuoyy “YIe AvP 
Ol ane r 
=, G 
e¢ =a 9 
00L‘OE0'T "UL"G OE 'F—"W'S 0S CT-0 — 1 8 iat 3 ‘uectg-me oe] - - - Avpung ‘gap Avy 
‘md og'e-u'd ge ~—s6T-0) ‘urd g‘e—ur'd ~_ 
006‘6F6‘T * ‘MOOU-—"UL"e Q'L, |9T-0—GE-0 == _ = (RM oT Og 'e {Ue OG‘ OI-"W'e OF'6 | - : - kepanzes ‘pig Lepy 
*SUOT[B4) ‘SUTJL = “SIET ‘SUIT “SIT “C06I . 
: = <3 
*a181 e | 
' woqyeomM AIp ‘ 
anoM ‘ ‘qq Stupor ie aya jo sida | cr) ou sory 
t ‘TOF ures 0} ‘nolyeimp “NU UL o4e1 : ; 
0 Oc pesieyqostp YOIyA. UsdeMJoq SInNOF] QYSIUpIy, Surpucdser109 reyqyeeam AIp eae is AK a om PeMtt 
ouunjoAa [T®70.L Py [[epurery 94 Soult} 0 I 4 


e014} eA0qe Ot) Te tered. 


MOP JO Soqzeyy 


| | 
pias was) eae: 


*(panwizwoo)—GUuOOTY ALLVA\ WUOLY AIATASHIOOVIT 

















ee POTEET I 


67 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 








008‘8Es 


00¢ FES 


OOT‘ES6 


00z‘9¢8 


“OSIVYOSIP IOYJVOM AIP OSvIOAV SOUT} 


€=[[8JIN0 ye peleAljep suNoA ]ez0], 006 LELT 


008°LL9‘T 


OST’LLS 


000'G60‘T 


000‘98T‘T 


"SUOT[C) 





“soy 
FG Ul 
pesreyostp 
SUIN[OA TIO, 


*SxIVULO TY 


ees 





—— 


‘urd Q'oT-"m'd 08'6 |€0-0 


fue O'g-"U'e O'T |60-0—ZT-0 


qystuprar wad 0§ OT 


“UL OE ‘OT—"UL'R 0°6 


“T'S ()'G—U'B OG'T 


‘UL'e (°F Supp 


‘qystupra—ur'd 0g"¢ |¢8.0 


&1-0 


91-0 


£0-0 


80-0 


Sud gg‘g-u'd 0.1 |11-0—9F-0 


‘(IGT UO T[esurer 07 oN 


‘ad QT [-"mr'd 0°8 


‘ud g-"ur'd OF 








*(paniwiyuos)—Guooay UALVAA WHOLS GTW1asTlOVIN 


60-0 


80:0 


‘qystuprur 

‘Tes Upet 04 
OIA wseAgoq sInoF{ qustupryy 
* [Teyarey 


0g 
0& 


aT 


OL 


OV 


ST 
0& 


Shy 
O& 
0€ 


0g 
Or 
‘SUT 


‘mOTyeINp 
Sutpucdsei109 


[oe oe le | 


1D © E= 00 leat tae) 


| iss 


| Lara! 

















m0 10 SH 


© 20 x 


CO 1D <H POI H 


1 oh 


CO 0) =H 


"O7V1 


Tayqyeom Arp 


ayy jo sopdry 
~[NUL UT 99%e1 
Joyyeam AIp 
Ot} SOUT} 
e014} VAoqe 


MOP JO soqeyy 





O€ 


0€ 


O& 


Ol 


0& 


‘SUIT, “SIFT 


‘oyed 19TIBOM 

Arp oy} sew 

90149 poapedd 
“x9 MOP JO 971 
ey} Way poled 


s 


6 





‘urd 08 ‘OT- 
‘aud oo, ftu'e Q'F-"U'e 
O'S FUL’ OY GI-FUSTUpT| 


qystuprur—"ur'd 08 "TT 


UL'R: G—-"UL'B 088 


“U's OP E-"Ul'B Ce’T 


"UL? )'6-IY SUPT 


"qystupru—‘urd 
Oy furd gp g—-u'd OF'T 


"UL"? OG *[-JYSTUPIA 


"urd Qg'TT-"w'd 0G '0T 


‘ud gg*s-“a'd 
0g’9 furs Og'S-IUStupIyL 


‘OuILy, 








- Avpug ‘qiog AvpT 


fepsmuy, ‘19166 ACW 


Sepsoupo AM “4383 AVIA 


kepung ‘y4¢s Av 


- Kept ‘preg Avy 


Aepsmnyy, ‘puzs AVA 
epson, ‘q30% ABW 


kepuoy ‘M61 Le 


- kvepung ‘qIgT Av 
"ZO6I 








e7eq 


. 
. 


‘APPENDIX 


000°669_ 


OCF GEE 


: eset o0s‘sce'T 


00808 





OSL ‘GEG 


O0L‘9ES8 


009°8Z8 


009‘66L 





00L'66a'T 
(000°L00‘T 


009°669 


*SMO][e4) 


Se | Seer ences en ens nen ee nen Me i pence neem 


| *sImoy, 


‘SyIeUIO} ¥ Ut 
SYIVUIOY patieiierp 
OUIR[OA [BIOT, 





ET 











“uid 9°g 


> md Og'g-"Ur'e O'L, 


UL'G ('9-"U'B (EZ 


‘wed (°T—"u'e 089 


“urd 0° 


‘urd Q'/—"U'e Q°8 


woou—-4Y.o Lup Lut 


‘urd g'g-"ur'd Og'y. 


“t'® OE'E—"UL'e C'¢ 


"T[9} Urer 
ory WoeMjoq LInoxT 








20-0 
10-0 
1€:0—ZE-0 
LO 
e%-0 
10-0 
| 3-0 
'L0-0 
G1-0—B6-0 
0-0 





“TY. STUprUL 
04 

ay stapryl 

* [Teyarey 











Ne ea 
es 
mw ig 
7 aes 
cl I 
GP I 
- => 
ee oe 
OG vere 
ct a 

SULT, “SIT 





Br oyalinacye) 
Surpucdseri07 














——s O€ pada 
¥ ORS 5a-= 
Y OF v 
ad 
g 
9 ica | € 
“a mae a 
v oP G 
4 0G T 
i 
G 
9 OF card 
“SUIT, “SAL 
ie l 
“0781 | 


Tayqyeom AIp 
oy jo sayd1q 
-[NUE UI 09%1 
Jeyyevem Arp 
oY} SouuTy 
eery} 9A0ge 
MOP JO 809837 


OYVI AOYYVIA 
Axp oy} sewn, 
9a1Y} popes 

-X9 MOP JO O71 


‘(panuy2uos)—AuYoody WLLVAL WUOLS ATIMSaIOOVIN 


oy} Wey pollog 


wd gt-"w'd 08°6 
und op g-"ur'd rg 


‘aud 
03 '6-"ur'd Q'6 ur'd cere 
— urd 08% ‘urd 0'Z- 


WOOU *UL"G GT’*P[-"UL'e 0'G 


“uid OF'6—"ur'd GT"6 


We CTL "Ul'e OF | 


‘urd ge ‘of-"w'd 
OOL ‘ud og'T-‘u'd Q'T 


md OFOT-"wr'd OOT. 


‘urd OF 'OT—"ar'd 001 


urd Geg—"ur'd 
og'¢ f-urd og'7--urd 
Org f Ure OGE-—U'e O'E 


‘uu'd 9z‘g-"ui'd 9's 


‘UL'S 0G 'F-"UL'S OF’ 





‘oul, 











Aeprmyeg ‘y7gg oun 


- : Aepung ‘pugz oung 


-  - = Avpryy ‘470s eung 


- - Avpsoupe A ‘WAST oune 
- - Avpsony, ‘YyLT oune 
: - ABparnges ‘YAFT oung 
- - Avpsmyy, ‘qIZT ouny 

- Aepsoupa Ay “WITT oany: 


. - Aepanyesg ‘yyQ), ounge 


- - -. Avpiay “499 ounr 


- - - Avpung 4sT oung 


“CO6L 


nen eee 
| 
| 


"O90 





69 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 









































| 
| F | 
2 a i: ¢ 
00% ‘888 “W's C'S FQSIU PY 60-0 Of ae 9 | SI c Ure CT S-IYSUp | - - Avpsoupo Ad ‘pigs ATM 
‘ud Qg'6—"wr'd O°¢ {61-0 qystupra—wad 
$ WoOU-'UI'S OS'OT |€0-0 Oe IT ‘urd oe'g-‘ur'd 
080‘61E‘T £ ULB Q'G-"W'R OE'9 [90-0—08-0 | BE ae if Coates Ogg fue OG ue OL) - + Avpsony, pugs ATnp 
= G F 
cr I G 
O€ i! 9 
008‘SL8 UL'S CL P-"WU'® OE] OT-0 0¢ mae 8 0G G ‘US 0G Fe O'S | - - Avpuopy, 981% Ayee 
OOL'LOL — — — — -~ Co = ‘urd g'g—"mu'd ggg | - - kepamjzes ‘qa6r Are 
: | 
u'd 02°2 eee “ce 66 66 g 
eet LT - 2 e oe ers ‘utd 0°8 |10-0 “cad 
uoou ** “WFAA ‘CL 949 SeulTa ¢ | ‘urd g{-g-"ur'd Q'¢ |10-0 0G - F eo urd gg sud cpg 
: U93B] Sopdimes 107eM ULI0S | 008‘8el‘T Sud ('g-"U'e 0°€ IZP-0—0E.0 OT — e ' G Z uid g'9 fund Og 'Z—-m00 NN - - Aepsinyy, ‘WoT Ap 
008'TZ8 ‘utd 0°g 60-0 ages P (¢ = ‘umd oor-m'd og¢ | -  - «= Avpangeg ‘y9¢ Ane 
GOT‘898 “US ("S—"UL'e 02'S 90-0 0G = v 0S me "UL" (°G-"Ul"e OLS = - - Api ‘yap Ajoe 
000‘TIS8 ee -— —- —= — 0 _- “wed 0g G-‘ta'd O'°G - - Aepsoupom ‘pug Ane 
‘ad O'r eee (74 “ 66 € 
ud GT 4 wee cc = 6c 9 
“ud oe eee “cc : (73 - { 0G —— P 
‘mders “AMC OY seul] ¢ ST a sf 
: Uayvy sopdures 10yVAd WLIOIS 080‘0ES ‘wad O’g—‘u'd O'T OL-0 OL — 9 CF — ‘urd eT'e—ur'd ggg | - - Aepsony, “ystT Apue 
“suoTTey) | “SULT “SI “SOLA, «84 “GOGT 
a= |) 
i es ee = mn 
“O1B1 






a j 


qoyyeom Arp 











ost pasep ie egy jo sod | ha oe 
aw a ae ae cr | aomemp | Sterne | Si 2 Se e 
3 poesreyostp YOrPA WHeMgeq SINOFT qysIUpryy Sutpucdseiioy | royyvem Ap 4} pep ‘oul, oqeq 


-XO9 MOP JO o7e1 


OUINJOA [RIOT ey} Wey porleg 


* [feyarey oy} SOuUTy 
voy} eAoge 


MOT JO 8998 





*(panwiyuos)—Auoory ALLVA WUOLY ATAIASTIOOVIN 


APPENDIX : 


70 


cy oy i 














000‘Fe8 = ~ OS si aoe 
1 ae p 
Of." ae g 
080‘600‘T = = Of Fh 9 
ot oF i 
a G 
G2) tee 9 
O01 GLE = | Osis 0G). = 8 
og 6g > 
ch G 
pe -y 9 
006‘96T'T oe ae oo ead 8 
sl oF P 
ey 9 
sp G 
00S°GFG'T. “ULE OE '9-"UL'G O'S 1G-0 O55 ae 8 
“SUOT[RE) “SUT, “SIFT 
| "OTVB1I 
| TayyeemM Arp 
‘smoq | ‘qyStupran 949 Jo so[dry 
‘SYIVUIOY ¥G ut "TI9} ures 04 ‘woryernp “HUE UT o4BI 
posieyosrp YoIyA WoeMjeq SINOFT qustUpiyy Surpucdse1109 reqyeem Ap 
OUINIOA [VIOT, 2 ]Teyurey oY} Soult} 


eo1y} VAOGe 
MOP JO 80421] 


‘(panuiuos)—aquooay ALLVAA WHOL ATAMSaIOOVIN 


jae I 
as 
0G : 
7 6 
SP v 
"SUIT, “S1pT 


‘oye1 1OYYVOM 
Arp oy} sour 
9914} popecdd 

-XO MOP JO o7e1 

oy} Way polleg 


“OLB Q'T-FUSIUpI 


‘qqstuprma—"w'd Og "TT 


“ULB OE*§-"UL’"e OLS 


“THe 0°6-FYSUpTAL 


‘Ue G—"UL'e GL"E 





Aepsoupon “qI0¢ Ata 


Aepsony, “W316 Aue 


Aepuoy ‘48% A[ne 


Aepung 191% Ajne 


Aepanqug ‘439% Au p 
“CO6T 


‘oye 


71 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


088‘T60‘T 


OL9°9E8 





00¢°FL0°T 


OOT‘SLS 





008 ‘S16 


anIeyo 
-sIp oyjyvoa AIP VSVIOAV SUIT} 9914 


= ][BJINO 4R PoLeATfop oUMMJoA [RIOT |  OOO‘E9E‘T 


00€‘TIO‘T 


“BuOTTeD 






“soy 
Fe ut 
pesseyostp 
@UINIOA [B40], 


‘SYIVULIYy 








‘Ul'S OS 'E-FY SUPT, 


U's OE L-"UI'e 


“UR (EG UR F 


“pag UO [[ByUreL OF ony 


‘qystuprur- urd TT 
u's [[-"U'e OT 
‘u's O-—"U'sS OSL 


‘urd gt'p- "urd 08% 


*TJOy urer 


YO WoeA\joq Sno 





61-0 


OL-0 


€0-0 


“qqstuprut 


0} 


qqstupry, 
> [peyuLery 








a re oe a tee eee wee — | 


0€ 


SP 
cE 
O& 


OL 
0S 
0& 


0& 
0S 


a AN 


oO <t <tH 


mn oO 


— 


vol». 


ne) 


“ILOTJBINP 


sSutpuodse1J07) 








} roygeea AIp 


AOF JO 8092 YT 





Vv 

G 

9 

8 / 0€ 

¥ 

G 

¢ 0$ 

F 

¢ 

9 0¢ 

i 

$ | 

9 

8 cy 

v 

g 

‘ 0G 

, 

G- 

9 

$ 

6 cl 

v cI 

‘SUT 

"OUVL | 


qayyvem Arp 
eg Jo setdry 
-TNUE UT OFBI 








oy} sour} 
801} VAeGB 


‘(panuyuos)—duoomy YLLVAA WYOLY GTAMSTIOOV 


Or 


G 


"SFT 





OBI IOTIBOA 

Arp oy} sew 

ae1y} popsve 
“XO AOT JO oyvI 
ey} Woy poLwwog 


“UL'B OE "G-"UL's Qe 
| ‘Ue OS "E-—"W'B OE ‘ZI 


“ULB OG G—"U'R O'E 


"ULE 0B "G—"UL"B GE 


TUL'S F—"UL'B CHG 





Ue OZT-IUSTUPIN 


aqeruprar—wwd GUTT 
UR CFT [—"Ul'e CF'OT 
"UL'S CF'G—"UL'B CLT 


‘ud gp-c-un'd 0g "g 





ane 


*OULLT, 





- AVpsony, ‘WIS_ ynsny 


- epung qIOT ysusny 


Kepig ‘49g gsnsny 


‘ 


Sepsmyy, ‘yy, gsnsny 


- vpuopy ‘IF Jsnsny 


Aepung ‘pig ysnsny 


Aepanyeg ‘pug jsnony 


*CO6T 





APPENDIX 


nn er pn oe 


‘SYIVUIOY 





72 





008‘TEL 


 OOT‘FES 


* 


006‘988 


006‘ TL&‘T 


08¢Z00‘T 


OOL*TIL‘T 


“SUOT[BY) 





#% Ul 


posieyostp 
OUNIOA [RIO], . 








“UL'e OE SI 
‘qystupru—"uu'd § 


"ud 0€"I- ‘TUL ‘d O€ ZI 


“Ue OS 'L-IYStUpL 
*puge uo 4YySstupru-—‘u'd OT 


“UCR Q*-"UL'R 0°9 


‘wd g'Q{-"ur'd 0's 
© ured 0'9-u'd G 
‘tad g'g—ur'd 9'¢ 


TOF UTez 
TIM UWeeAMJeq SINOF, 


*(panurquoo)—GuOONY YUALVAA WUOLY GTAMSTIOVIA 


a 


| 


10-0 
80-0 


OT-0 


80-0-66°0 


6L-0 


86:0 
60:0 
91-0-9F-0 





“‘qystaprur 


0} 
ay stuplr 
: [Teyarey 


Or 


OL 
OF 
0& 
O& 


O& 


‘SUT, 








—HkS. I= 


som AN 


+ 
G 
T 


"SII 





‘uoryemp 
Surpuodse1109 








wad st 


Dm © we H am oO 


=H 


ta) 





"aye 
Tayyeam Arp 
ayy Jo soydry 
-[NUl UI O4RI 
raqyevem AIp 
oy} SOIT, 
9or1y} 9Aoge 
MO JO So7B I] 





ST 


9 
3 


0& 


O& 


06 
SUIT 


‘OyBl 19Y7eOM 

Arp oy} soury 

9014} popesd 
-XO MOP JO o7RI 
oy} Wey poled 





9 
‘SI 








t 





"WLR Q'T-FYSTUPLA, 


‘wd cpor-w'd 0¢'6. 


‘urd gg CF ST 


"TH'S OE 'S—-I.SUPT]Y 


T'e LU" OE "E 


‘ur'd gg‘ T{—‘u'd 
03's ‘wd ory-‘w'd 
Org * ‘wd OT'g-"w'd Og'E 





“oul y, 

















- Avparnyes ‘yIOg sNSNY 
- Avprry 96s asnsny 


Aepsoupo A ‘491g ysnsny 


- Aeparnyeg ‘prgz ysnsny 


- Avpsony, ‘YIST susny 


- vpung ‘yALT Jsnsny 
B06 | 


‘eye 


73 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 








006‘T99 


089'F88 


000‘S¢0'T 


008°8E8 


000°T#8 


000°G8a'‘T 


086698 


*SUOT[eD) 




















= *popsode1 ouoN 0¢§ — - 

Guat ? 

oe — c 

‘ud 0'¢-w'd 0'F |90-0—O0T-0 eo = 9 

_ Oe. _-% F 

oS SS G 

ae race Cet 9 

i ay ¥ 

DET #E G 

oP. 9 

ogee E 8 

tl a of 6 

Oar eT F 

G I ¢ 

“a'e CF'SI-FYSIUply 60-0 =o) “T 9 
“ula QE"g-‘ur'd 08's |C0.0 

+ urd g—"ur'd 08ST |LT-0 UG. JF t 

*UL'B OE'L-“Ul"S 9 |90-0—8z-0 o¢ — c 

x 
‘ud og*g-"ui'd ct'g I1-0 —_ = — 
“SUI, “SIFT 


OF 


0€ 


OV 


0€ 


‘SUIJL ‘SIFT 


EE 


"SYIVULAI] 


"sIMOY 
FG Ul 


posreyostp 
OUN[OA [BIO T, 


ey eres 04 ‘moTye.Np -]NUI Ut 9981 
era egret PFROE qysupryy Sutpuodser109 | szeyywam Arp. 





"94RVl 
Joyyeom Arp 


( 
| | 
| “qysraprar | ay3 yo soydry 


+i [OFULeU oY} Soult} 
dot} OAOgR 
| MOT Jo soqey 
) 





*(panujyguos)—quooay UALVM WUOLY AIAIaSA'IOOV 


T 








‘urd Q‘o[-"u'd 9z'6 


“u’e@ O8’C-"Ul'e 


| Shp SW"! OE 'E-"Ul'e CP'S 


“U"e CF'6- 
"'@ OS'S fue Q*/—"UL'e 
0'9 {We OG'P—U'R CF 


UB OF'g—"U'e F 


"THe OE 'T-FYSTUpIp 


‘urd 0Z'6 
—ur'd 0'8 é “urd p-"ur'd 
OS’ fue g—"uI'R 9g'9 


‘wd 9'6-"mr'd 0°g 





Aepanyeyg ‘y41z roquieydeg 


Aepsony, ‘prgz tequeydeg 


- Lepsoups A ‘WILT 1equrogdeg 


- Aepung ‘q4FT requieydeg 


- Avpsmyy, ‘WITT tequiaydeg 


Aepsoupaa, ‘IOT Joquroydag 


T 


Anpsony, ‘pug roquieqdeg 
“ZO6T 





‘8781 TOT IVOM 


Arp 9} soury 


sey} pepseo 


-X9 MOT JO 99e1 
oy} UST porlleag 


‘ou, 


2 ye ee EE SEE eee 


"O1UT 





6225 


. 
. 


APPENDIX 


74 


‘QSIVIPOSIP LoyJVoA-AIP VSVIOAV SOUITY 
€=[[eyNo 4B pelealjep oumMjoa je], 


*SYIVULOY 





028 ‘02ST 


008°969‘T 


089°FC6‘T 


000‘T6L‘T 


OcF‘9TL 


009‘ST0'T 


OOLSEL'T 
“SmOTTe) 


“soy 
ro. ot 
pesieqostp 
euIN[OA [BIO J, 





“UL'e (). TT-"U"B 0'9 |€Z-0—FE-0 


‘ud Q'6~"tu'd 0¢'9 |80.0—80.0 


TF Wrer 
oly WeeMjJoq SINOFT | 


| 








‘(panurquos)—auooay UaALV AA WHOL AISA INDOVAL 




















Or = ¥ 
oF. F G 
06 & 9 qystupru— urd ss 
OG Maca? L yk OS Tl | WVOOI-WegPre  - - AVpiyy “WILT 10q0700 
cP 9 P | 
OE" 59 G 
Oeming 9 ‘ud gg*y-"ur'd ; 
OS rer 6 o€ 8 0s'9 *"Ur'e Cg'g-me [| -- - Avpsrnyy, “YI9T 1040996 
OV L ¥ 
— 6 Cc _ 
O8ti..g 9 = ; 
‘op ‘oq — & 6 = a T'S ('6-3YSIUPIPL | - - Aepsony, ‘WIPT 184099GQ 
qysrupror 
-w'd g'6 ‘ud ogy 
-~urd ogg ‘urd 0¢'¢ 
ay vy urd ogy § ud 0g'% 
CT g Gc —u'd gf “m8 ):1-"m"e 
Che) 9 Ogg fF Wwe Ogg U's 
ODS OG 06. 8 ae 2 0g 'G * “W'e OS T-FYSUpIpy - Avpuopy “BIST 1040790 
St. & ¥ 
ST G G 
Or G ¥) 
‘op od 08? oo 8 de” 2 ‘qystupru— td 0g'¢ - Aepung ‘44ST 10¢0900 
co) ie a pad 7 OP i ate “UL"S OE '6- "WB CHS | - - Bp “YIOT 1040990 
*queplooe “‘qu.oluprul—"un dd 
Aq pesueszep 0g G p Of tT fcurd oF OT-‘urd 
asnes uleYy OF. ¢ 0g + 06'L fwd ogp- ud OTF | - S\ ABpsamyy, “496 40q0}00 
“SUT, “STH ‘BUTT “8.1L ‘CO6I 
a ares Dee : -———— pest ae 
O1B1 | 
cs raqyvem Arp : 
sarap sitio oid | 7% 20mtvo | 
ve na taadea J oe erga 9a1Y} poepesd “OUT | a7 
qystapryy Burpucdse1ioy | soyyeoa Arp | > a P P pode LL se 
‘qreyarey | STAN rota pOLD: | 
! 9014} VAOGB ed 
| | MOB JO so9Vry | | 
joes AL pt a AS SE AT AD, lovey pe . 


75 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 





OOF9TL 


OOT‘TS01I 
00¢‘SLFT 
O8Z'GFL'T 
006°€0E‘T 


006‘806'T 


"SMOT[eY) 





“soy 
FG UT 
posreyostp 
OUINIOA TRIO, 

















‘W'e ('g—"W'e OT 


‘ud oe'e-‘ar'd '¢ 
{Ue ('G—UL'e ().F 
SUB (E-We O'S 


“Ue ()'C—"U'S ()'F 


“ULB (8 04F-‘TU'B CE'9 
ULe OEP "UU'e O'S 


‘urd 9e"9 


"U'e QE'9-"UL"e O8"E 


TU'S OS F-“U'e OG 
Sure O°T-ISTUpi pL 





G0-0 
F0-0 
L0-0 
iLL-0-—€2@-0 

0-0 
OT-0 
ST-O—86-0 

10-0 
LZ-0—08-0 
180-0 
80-07 T L-0 








TIS} Uret 
YOY weeAjeq SINOFT 











“74STUprut 
074 





og 1 P 

0G l G 

ee v1 9 cp Ot 
Treks P 

ae g 

06 =8 9 

ee © 8 o¢ ¢ 
Sleqest Or 

ait A $ 

oo Gg 

ae Secon 9 oF & 
1, ili ic c 

i rs F 

I eG G 

OC Ft 9 G ¢ 
Lae Soe 6 

= 8 7 

ae, ¢ 

OL. eT 9 cy 
i> 5 ? 

o¢ 6g G 

oo re 9 

US: 41 6 aes 
met F 

ch OF G | 

06 = =& 9 

Gi at L ae | 
“SUTIAL “SFT “SUTYAL “SAL 








*(panur7Uo2)—CUOoa yy YaLV A WHOLS ATAIASHIDOV IA 


‘mOTRINp 
Surpucdser109 

















*aqel 
Tayyeem Ip 
oy} Jo sopdry 
~[NUW UL 941 
Joyqeaa AIp 
oy} sour} 
ao1Y} VAOqe 


MOF fo soqey |, 





es 





‘OPEL IOYIVIM 

Arp oy} soury 

9e1y4 pepsdd 
-X9 MOP JO o7VI 
oy} Way porleg 





"WB OG 'g-"OL'B CFE 


‘ard oe '1-"m'd 
0°9 6 -ur'e 06-2 o's 








TLR Q—"UU'e 0S"E 





OL f me Ogg-"Ure CTF 


“U's OF /-"Ul'e 
org fume CT -¢—U'e 
Og'§ £ "UR Og G-"UN"e OE'T 





‘T'e (ge Oe 








“UL OS *L-JYSIUpI yy 


Ser Seen ite eeneenaeemanel 


‘out, 





- - AVpsnyy, “9Y9OE 19q03009 
- > Aepung 499g 18q09009 


- -Xepsimyy, ‘piggy 19q0300 


~ Kepseupoy “pugz 19qo.0O 


- - ABpsony, “48TZ 1940399 


- - vpuoy, 490S] 1909009 


- > Aepanqeg ‘y98T 1040999 
‘COGT 





nas 


‘07%q 


6225 


es 


APPENDIX 


76 








OOT'8T9 “HOOT 04 "WLS ()'6 60-0 
OLSESL "Ue f, OF “UL"B OE "9 40-0 
‘wad Q'9 04 ‘wad Q'g |0F-0 
006'8S2'T + UOOM 074 "W'S (EG |ZZ-0—ZI-0 
| 

088'FhL “UL'e 0G 10-0 
pesuviep 

OOTFS8 —_ oSnes urery 
pesuv.iep 

008‘6L2'T ome esnes urery 

000618 “Ue 0'G 10-0 

008‘EL8 ‘qystuprur 07 ‘aud Og"6 80-0 

*‘SUOT[RYY 














“smoy ‘qq Stupron 

¥ UW "T[0} Wrest hs 
Bei Gike nd: | posreyostp YOIYAA Wee 4Oq INO ayqstupr 
SUWINOA [BIO], * Teyarey 








‘(panurzuor)—auoody ULLVAA WYOLY ATWMMSaIOOVIL 


or aT 
0& as 


0g aa 


0€ es 
06 . 


0€ I 
08) is 


‘SUIT, “SIEL 


‘mOTyVINp 


Sutpucdse1109 








Ww 


wy 


"0781 
woyyeom Arp 
ayy Jo soydry 
-[NUr UT 99R1 
Jeqyvem Ip 
ou} Seurty 
ee1y} 9A0qe 
MOB JO sazery 








io | 
Or T 
Gon) 
Sop. 
OL T 
02 9 
) Dae 
OF I 
"SUIT, “SIFT 


‘agel 10NIvOM 

Arp 949 souy 

90143 pepesd 
-X9 MOP JO oFeI 
oy} WayM polled 





"UL"B 0G "F—"UI"B 0G'E 


"UL"R QT'S-"UL"B QO", 


wud og*¢-"w'd 
OS'g ‘-UL'e Q*OT—‘al'e Og'L, 


"UL" Cf'g-"W"B OL" 
“a'd yg’g-"ur'd 


og*9 £ end Qg'g—"w'd og '% 


‘ud O['9-"U'8 OF TT 


“Ul'e CFG I-ISTUpIA, 


‘qystupru—‘ur'd OZ *OT 





“OUILL 





Aepung ‘y40¢ 10q WEAON 


Avpanyeg ‘496% 19queAoN 


- Aepray Y98Z 1equieaon 


Aepsony, ‘Y3¢% 1equieaony 


- Lepung ‘YG 1oquIeAoN 


Sepamyeg ‘Y4g 1equIZAON 


- Avprag Y4L roquieaon 


Aevpsimy J, ‘G99 1aqureao NY 
‘C06T 








o90q 





be 
res 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


a a a a a 


“SY ICUS 








009*Eeze‘T 


008 ‘FT ‘T 


083 ‘OSF‘T 


006‘ZOT‘T 


009‘860‘T 


08Z‘ELS‘T 


000‘Z9T ‘T 
*SUOT[B4) 





*sN0Y 
¥6, Ut 
pesieyostp 
QUINOA [240], 


‘u'@ 0°L, 98 10-0 
u'e QO'I-JYSIUpl |80-0—8T-0 


‘44 S1uprur-—"ur'd Q'OT |60-0 
Sure Q'g-"ul'e OS's |L0-0—LI-0 


‘a'd g'g-"a'd OF [OO 
f-un'e Q'Q-"W'B O'S |TT-O—-L8-0 


“me Q'—"W'S OFT [9T-O 
£qystuprut 4¥ |Z0-0—92-0 


*posuviep 
oa asnes Urey 


*posueiep 
— oSsens ULSI 


*posueiep 
a aones Ulery 


“qq srapray 


0} 
qqstuplyy 
2 [peyurey 





“TIF wrer 
Yor W9dA\joq SNOT 


*(panwyu0d}—CadooAY YALV AA WXOLY ATAIMSATOOVIN 





OF 


0€ 


OL 
OF 


O€ 


GP 
0€ 


ST 


GP 
Or 


0€ 


‘SUIT 


a4 pmRAANNAN ppoveres ( beBaviGe hee’ Xt 


— 


‘sIH] 


‘uoHyenp 


Surpucdser109 








g 


mo 


WD 10 H © CO Fe 20 HH Er © 19 HH 


1d H 


*o7B1 
weyyeom Arp 
qt jo soqdry 
-[NUL UI o4eI 
joqyeom AIp 
94} SOUT} 
e014} eAoge 
MOP JO soqyeyy 








OF 


0S 


GE 


Or 
‘SUI 


"OBI IOYYCOM 

Arp oy} sown} 

99144 popesd 
“xo MOP JO o7vI 
oy} WayM poweg 


le 


9 
‘SIT 












*a"e 0 £-FY SUPA 


“"qystaptu—"ur'd 
“UL'S OG *8—"UL'B OE"L 


on~ 


066 


WL"e OF'9-"UL"e OC" 


"ULB OG*F—"UL"E OST 


“urd 0"Z-"ur'd oF'¢ 


WW'B QOL OF “CAE OL, 


‘ur'd og*T[-‘u'd 
OL turd ofg-"u'd OF 








Aepsinyy, ‘WIxl 19quvoay 


Aepseupe A ‘Y3L1 1aqmo0eg 


supseny, ‘Y49T 1aqureceqy 


Aepuoy, “Q9¢T Joquiooe 


Aepsoupe AA “pig 1eqwie0ed 


£epsony, ‘puz 1equreceqy 


- Avpuoy 4st tequosecy 
“G06T 


APPENDIX 


co 





*SYIVULOY 





OSs‘TEL‘T 


000‘9F¢ 


OSL'LI0'T 


000°LE6 


000‘T80‘T 


“SUO[TRD) 


‘poynqIrystp 48a 
Saree O°L-"Ur'e Q'G 


‘ ‘ule 0'F-"uU'e 0% 
U8 ‘OE GI-F4Stapipy 


“Ue ("J —"UL"e YE'9 
Sule GT "[-"u1'e OT 


‘aad QoT-"w'd 08°6 
“Me O°9-FY STU pL 
“UOOU—"t'"e 9 

fore Og'Z-"a'e O8'T 


"ULB O'S FV 





“soy 


FG Ul 
pesreyostp 


@UINIOA [IO FT, 


- Sige hig as es 


| “OVBL 


Jayyeem Ap 


Tyo} UrEt 
Ory USeAqeq SINoFT 


06:0 
S0-0 
L0-0—¥-0 





OT-0 
60-0—06-0 


OT-0 

¥0-0 
90-0 - 
0-0—OT-0 


GO-0 —L0-0 





‘qq STUprom 


0} 


ay StUpryl 
: [Teyarey 





j 
| 
| 
| 
| 
| 





O& g 
0& v 
0g 6 
> I 
OL I 
Or T 
0g ae 
0G wi, 
aad if 
Si = 
0G ie 
OG a 
OL { 
OF gs 


O€ 
‘SUIJ «= “SIET 


rene 
Sutpucdse1109 











i 


re ~ 19 


Oo © Oo 


Oo 1 HH 


ww oH 


H 


ey} Jo soyd1y 
-[QUE UL 94R1 


Joyyeom Arp 


oY SOuITY 


9014} 9A0qe 
MOF Jo sozery 


‘(panuizuoo)\—CGadooay YALV AA WAOLS GIALASATOOV IA 











“UL ()'G—"UL'e 


OFS f UHR OSG" OE'T 


‘T'@ () GU B OE "T 


“qystuprur—‘wa'd —*TT 





“WR OS FUL 08'S 
Rely rae Ei 
rthuboaioane 


Ue O'PF- UR O'S 


“ULE QTL" O'e OFC 


“OUT, 


OL L 
O€ i 
ar I 
OG TI 
OL + 
as 2 ugg : 
O€ I 
“SUIT, = “SIRT 
‘OYeI 1ONIROM 
Arp oy} seu 
very popesd 
-XO MOP JO onl 
Of} Beda pone | 
alee hat Mma Ee Rote ste 








Avpsony, “yI0g Jequie.eq: 


Awpung ‘Y4gz Jeqursseqy 


sepsmmyy, “Y4e% 


Aepuoy ‘pugz 


- Kepung 4s[Z 


19 WI8990(T 


19q M1900] 


Joq uLed0q 


- Leprayy “GIGL Loq wooeqy 


‘G06T 


‘ered 


l= 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


‘aSrTVYosip 1y}vaM AIP oSVIOAae Sout} 
S=[[BJINO Ye poLOAaTfap sauINjoA [e4OJ, 
‘md Og's “AMC 9U} sour] $F 
: Woy} opdwres 1098 T1099 


‘SYTEMIO 











000°88T‘T 


000'FZF'T 


000‘618‘T 


08S‘ FIST 


O0G‘LFL‘T 


000‘8ze‘T 


00E‘LZS'‘T 


000°688 
UOTE) 


*smo0y 
¥% UL 
pesreyostp 
OUINIOA [eI0J, 








“‘qystuprur-"ur'd O¢ OT 


‘u'd g'g-‘a'd 9'8 


‘urd g*y-"w'd 08°G 
SU's OF O[-“UL'e O'S 
Sun'8 Q°L-"OL"B O'S 


“UL? 0 T-YStapTy 


‘qq stuprur uid (OT 
Sur'd Q°[-"U'® 0°OT 
SUL'e (OT-‘Ul'e. OE'G 


‘me fae © | 


‘urd 0g*g—‘ur'd 99 
‘T'S G['g-"m'e Q'9 


‘urd 9°01 ¥V 


“TOF Uret 


OIA WeeA\Joq SNOF, 


‘(ponw7zuos)—duoody YALVMEWAOLY ATAMSAINOVW 





90-0—80-0 
10-0 

C10 

0g°0 

3G-0—69-0 
Z0-0 

30-0 

06-0 

FE-0—9F-0 
7-0 

10-0 

31-0—61-0 
20-0 





| -qq3taprm 
04 

qystapryy 

2 Tyeyurey 


OF v 


or 


moO 





OF 


San 


0& 


Yen) 
re 
ma 





| 
| AOA 


| 
[atiGN 


Si a 
06 oe 





‘SUTTL “SIT 








“moTy2IMp 
Surpucdse1109 








© 1) =H CO 1 H © 0 sH 1g oH 1D Hl 


> 10 H 


© uD) sH 


“OBL 
qayyeem Arp 
94} Jo sofdiy 
{NUL UT 9981 
qeqyvem AIp 


oY} SOuUIT? 
9014} 9A0qe 


MOP Jo soqgeyy 








aa I 
0g 6 
ge Il 
oe of 
06 g 
SLs 
=F v 
al I 
“SUT, “SIFT 


“OTVI 1OIVOM 

Arp oy} sewn} 

99143 popesd 
-XO MOT JO o7eI 
04} Woy poriog 














‘qystaprar—wa'd [3 


‘ued Oe TI-"ud 


086 Ue OS 'L-7ystapry, | 


“qystupro—"on'd 


OE foe Og OT-"W"e 


OP'S HOLE CT'R—"UL'R 0.9 | 


“Ue OS *L-IYStUpryL 


‘qysiupru— ord 
OTT £°OL-e OF 'OT-"WHe 0Z'9 


“UI'R ('G—"U'B CF'e 


‘und OF Z-"ua'd 
Ogg SUL’ OE'G—"M'e O'L, 


“qystupru—"u'd [T 








- Aeprrgq 446 Arenuer 


- Avpsimy, ‘yg Avenuer 


Avpsoupem ‘y9L Arenuee 


- Aepsony, ‘749 Avenue 


- epuoy, WyW¢ Avenuee 


- Apanyeg ‘pig Arenuee 


- Aepuy ‘pug Avenue 


- Aepsinyy “st Arenuee 
“S06T 


‘aqeq 


I eee 
- SE See 





086‘008‘T 


00¢°960'T 


OOF IF6 


APPENDIX 


000‘688‘T 
“SUOT[BD 





*SYIVUIOY Yo mt 
OUINIOA [BIOT, 





80 








‘UL'S OF 'OI-"W'B C'9 [§T-0 
6 -uree 0°9-"uL'e oe FL-O 
Sule (°G-"W'e (.Z |90-0—$8-0 


‘u'd 001 9% |Z0-0 
$ WoOU-"Ul'S YE'S |G1-0-—I3G-0 


‘u'd OL 98 (20-0 
‘urd og*z-"w'd O'S |81-0—06-0 





. ‘d . 
wed 080TH |e9.6 
‘ud g*4-"ur'd 0g"E |8T-0—12-0 


‘qq srupral 
04 

ay stepryl 

 [reyurey 





“TOF Ured 
OIA W9eM Eq SINOFT 








— 


*(panurjzuos)—-duooa yy UALVA WYOLS ATHIASa ION V IL 





= te 
og 2 
eg ii 
Sy 
o1- 
6 — 
OF 6 
or ae 
OF El 
‘SUIT, «SIZ 


‘mOKyemp 
Sutpuodsa1109g 


























P 
g 
9 "Ue OPF'S-"Ul'B 
8 06 9 ony Sue TM gaa Nou: - Awpsony ‘yayg Avenue 
v ‘urd og'TT-"ur'd 0g ‘OT 
¢ o¢ 6 Sure Ogos OF L | - — - Avpangeg “497g Avenue 
‘urd gt {-"u'd 
v y) S Of OT sued gg'g-"m'dogg |- - Avpsanipy, ‘pugs Avenue 
i 
g | “qystuprur—or'd 
9 0g OL | OL9 Swe O°g-qystupryy | - - Aepmgyeg ‘qo, Arenuve 
"SUT “StL “8061 
"adel 
Toyyvan Arp 5 
-[NUL UT 0981 ean paueso ae et 


Joyyeem Arp 
ey} SouIT} 
9014} VA0qR 
MOP JO soqzeyy 





-XO9 AOP Jo o7VI 
oy} WaYA polled 


81 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


= 


*SYIVULOY 


























OOF P06 _ GZ-0—€8-0 
000'819 “utd (°C 0-0 
“urd gg*g-"aa'd 0°9 |ST-0 
‘ud g°g—u'd 0¢"¢ [90-0 
000‘SEL‘T ‘und Q"g-"W'e OTL |G0-0—F2-0 
OOLF88 ‘wd Q°¢- urd 0'F |G0-0—L0-0 
“ULB OE 'S—"Ul"e (Cf, 190-0 
OOT‘GO6 Su" ("G-"UL'B EF |80-0—FT-0 
X 
OOF'SEL ‘urd og*z-"wa-d 0g°9 20-0 
OSL‘961‘T "ule (G—"U"B ("S| F0-0—G0-0 
urd O'S 
000°L00‘T —Ww'e OF'OL WeeM4oq TTY 06-0 
"ud 0°F 9B 120-0 
Sure (Q°9—"W'e OE "F (20-0 
£ "UL"@ QF "UL'e OS'S |G0-0 
00686 sore O'T9V |10-0—O01-0 
*“SUOT[VX) 
‘smoy ‘VYStTUprul 
#G UL *T]9} UreI 07 
pesieyostp YoOIgM TeeAjoq S.noFT QU StUpryy 
OWUNOA [VIO J, * Treyared 





\ 


"pPanurjuwooI—Tioory AALV AM WIOLS ATHSATOOVIN, 




















- - Kepmmyeg “4s1z Areniqa,7 4 


Kepragy 0 Arxensqe, 


Avpung ‘ye, Arvnaqey 


- -Avpanyeg “ygpy Arenaqe yp 





Aepuopy 96 Arveniqe,y 


Aeptag ‘yy 9 Areniqay 


Avpsony, ‘pag Arensiqe,y 


Lepuoy ‘pug Arenaqoa,y 





= b o¢ = ‘urd Qp'g-"un'd OG"F 
06 re oP. | € = “UL'e Q—"UL"R (IE"G 
i G 
GP G g ‘urd ge'ot-"u'd 
i apr 9 0 LL ogg Sud Op p-"u'd OTS 
ae = ay ‘und Qp'g-"ul'd OG"F 
GP I 1 
OF I G 
0G I 9 ‘UL’@ OP’ Q-"WU'e 
0€ = Jb = (e OP'L * We OE'g—"UL'R OEP 
= ae Oy ac ‘urd Op 'g-wr'd Q°g 
oy € p ! 
as € G 
—_— G 9 prs 10 aucd O€'S-"uL'B (ins 
0g aa - = rd “Ul ()'Z-FYSIUprIyAy 
“qysta 
— € $ -pra—mi'd geg‘or fad 
One 1 g 0°6—m'dg'g urd QT "¢- 
— TT 9 ‘ard 06°F Sure Q*f—"ur" 
0€ o 8 ear. L 0G F + Ul-e Q'E-Ul'e OZ 
‘SUIT, = “SAT "SUIJ “SIT 
“o1e1 
pals = ap OYVL IOYIVIM 
“mONIVIN ee Arp oy} sauny 
P a oN hee ae} pepeeo “aulT 
Surpucdser109 Joyyvem Arp i Per ae 


ey} som1y 
9914} VAOGe 


| MOP JO soqey 


1 











-XO MOP. JO o7vr 
at} Way pore 


, 


$e a a eg 
te ee. 


Avpung ‘sq Avenaqoy 
“G06 





oe emneeer on ee 


O7eG, 


6225 


APPENDIX 


82 


‘QSIVISIpP LOY{VOM-AIP OSVIOAV SOUT} 
E=[[RJNo 4e patoaljop ouUIN[OA [RIOT 


“SY TVULOY 





OOF ‘S96 


006‘Z1Z‘T 


008 ‘T6F‘T 


000‘8¢L‘T 


08199%6‘T 


000°0Z0'T 
*SuOT[es) 





| 

ie ‘snoy 
| FG Ul 
| 


pesieyostp 
OWINIOA [BIO T, 





“u'd 0g g 42 
Sud 0G 4V 


“U"B OE"E— "ULB OS ST 


"UR Q"S-"UN"R OE"L 
SUS OE 'Z-"UL'R 0. 


‘urd Og‘g—"ur'd 0g "7 
§ -ured o'g-tu'd 02'T 
€ ure 078 

Sure 0°9-"U'e OF 


"ard QQ [--wi'd 0¢.g 
sured o's-urd oe 


ud ge'g—"u'd 06 
‘ MOOU—"Ur'e (2)'6 
£ ule 0°S-"Ur-e 08's 





‘TOF ures 


TOIYM U99A40q SIMOP 


‘pInvazuoo—AUNOOdY UALVAA WUOLG AIT WSADOVI 


10-0 
£0-0—F0-0 





90-0 


L0-0 
G0-0—6I-0 


€1-0 
60-0 
10-0 
G1-O—I€-0 


81-0 
91-0—FE-0 


80-0 
OL-0 
G0-0—€6-0 


“VLSI pul 


0} 


qystaprAl 
? Tpeyarey 











GT 
0€ 
cP 


as NM” 


Shi g 
0€ G 


ace. E 


0€ = 


0g 
Or 
ST 
cP a 


a NN 


| 
aN a 


GT 


‘SUI, “SIF] 


‘mOTIRINp 


Sutpucdset109g 





m~ © 1 a 


o> © oO tH 


“0181 


Toyyeom Ap 


ayy Jo saqdry 
-[NUL UT 84eI 
Joyjgvem Arp 
ayy sauty 
aoIy oAoge 


MOP JO soqzery 








SY ig 


‘ud og¢-g-urd 
08 em 066 § wd QZZ-"ar'd 6°9 


“UL'e (*L—"UL'@ GT T 


oe 8 "tLe OS *S-FY SUPT 
‘qystupru—ur-d 
0¢OT : ‘urd og‘g- wd 
orp fud optg-ud 
OPT fue Og'g-Ue 
o¢ OL 06°6 “Ue OS L-FYSTUpI 
F ‘qystupru—"ui'd 0¢e*L, 
‘urd og TTu'd 
os =F OF'6 fue OS TI-"U'e OE'8 
‘SUL, “SIFT 





‘aye AOYPARVIA 

Aap 9y3 sourg 

v01G} Ppepesd 
“XO MOT JO oper 
oy WAYM pow 


| 











‘OUT, 








- Lepmyeg ‘y9gg Arensqe,y 


Aepuyy “yg Lg Arensqeg 


Avpaimmyy, ‘W9% Avenaqe.g 


Aepsoupe A ‘496% Areniqoy 


- Aepsony, ‘y9FS Arenige, 


- epung ‘puzz Areniqe 


“SO6T 


‘a1Rq : 


ON SEWAGE DISPOSAL. 


COMMISSION 


ROYAL 


‘SIV 











009318 ‘T 


008‘60'T 


O8L‘869‘T 


006808 


00‘8L6 


009 °E6E‘T 


00¢°¢80‘T 


088F29‘T 


000‘809‘T 


006 ‘FL6 


‘SUOT[eY) 


YG Ut 
poesreqosip 
OUIN[OA [BIO], 








qystuprui—"ut'd 0", 
‘uid Q*1—"ur'd ¢°¢ 


ure OL IV 


“U'e 06 
put JYSstuprlur useaiyoq [TV 


UL'e (">—"UL" OEE 


“O'R QO"? O'L 


‘urd 9°6 4R 
6 - aR Q’g-"u'e oe 


‘urd ge'ZI-Woon 
“ULB ()'C-UI'R (8 'F 


SUL'8 ()"F-"UL'e C'S 
ure Og T-Iystupry 


‘qyorupim—ur'd 9°9 
wud Q'Z-"U'e 0'OT 


‘urd epg—"u'd ¢'T 
-Ul'e OTT VV 





“Ts Urex 
TOIT WeeMJoq SINOFT 


OL-0 
06:0—0€:0 


60-0 


06-0 


€0-0—90-0 


80-0 


60-0 
90-0—80-0 


FI-0 





€0-0 
OT-0 
£0 0—9L-0 


81-0 
OL-0-—8é-0 








61-0 
10°0—06-0 


“ay sTapray 
0} 


ay SUPT 
2 peyurey 








0& 


e 


t 
NO rr 


Gv aia 


| 
HID 


0€ 
cP 


RS Es Es 


0& 


0€ 
OV 


| Nn 


OF T 
‘SUIT, “SIFT 


‘mOTyeINp 
sutpucdse11079 








v 

G 

9 cP ¢ 
a OG = 
v 

g 

9 

8 08 L 
v 

G CVn 
= 06 & 
v 

¢ 

9 oe 9 
Wy a I 
4 

¢ 

9 

8 

6 ST 8 
v 

G 0 9 
v 0€ 3G 

‘SUIT “SIFT 





O11 
rayyeem Arp 
29 Jo saydr4 









“panuzuod—ddoody UALV AA WHOLS ATALMSaATOOVIAL 








8781 19IBOM 
Arp 0y} sour 


‘messes | ‘un boo 

a soulty P| -xe Mog yo ova 
sary} oaoqe | OU} TUM Pood 
MOP jo Soqey 





“qystupiu— ud 


“ror furd 97¢-ud ove 


‘U'B OG'S—“Ul'"S OE *s 


“WHS OE L-IYSU | IA 


‘Ul'e G[‘L-"WU'B 0E'9 


‘urd oT e-"w'd 
OG 'p {US Q'OT-"W'e 038 


‘urd eT [{-"w'd 
OL OL + WU'R OE'S-"HL"R O'S 


‘urd geT-"ar'd 02a 


“W'e GT S-4STUpI 


‘qysoLuprut—"ur'd ¢°9 


ud Q-p-"ur'd O¢'T 





ALF 














L, 


-Avpiyy “WET WAPI 


Aepsoupe Ay “YITT Woueyy 


Aepsony, ‘YIOT Youryy 


- Aepuoyy “496 yore sy 


sep.myes YIL, YOrIv fy 


Aepsinyy, “YE Worry 


Aepsoupo Ay ‘YIP YOUV, 


Aepsouy, ‘pig yoreyy 


Avpuoy ‘pug youryy 


- Avpung Qep yore 


“CO06T 


‘meq 


6225. 


eee 


APPENDIX 


84 





‘aSIVYSIp TayYVOM Ap oSvIOAe SOUITY 
S=[[e}quo 4e peloeatjep ourNjoA [e}0], 


“Aep snotaoid wo [[eyured 07 anp uorynyIG 


“an1VYOstp 


teyyvom Alp o8vioae oy} soulty 


“S=[[B}INo 4B peJoOAT[op ouINOA [eIOJ, 





“BY IVUIOY 


000‘E2TT 


00S‘°SS6'T 
080‘FF0‘T 
008‘TFO'T 


008669‘T 
*SUOT[VY) 


*smoy 
%@ Ul 
pesreqostp 
OUIMIOA [BOT, 





“urd Q°Z—"U'e 0° 


‘und 9'oT-"ur'd 0g 


“urd Og" TV 
‘urd og-o1-‘ur'd O'L 


Sule Og’e-—"U'e OS'T 
Sure OE T-AqSUpryy 


TF Urer 


Yor W99A\jeq SINOT | 


“pa nurjzuoo— GUOORY 








ST-0 


GT-0—91-0 


10-0 


STO 
¢0°0 
OT-0—08'0 : 


ES OY rere Ta 9 ad a As 


“qq Stuprul 
0} 
qySTUpI 
 [peyUrery 











0g  § 
a v 
0G = & 
OF cede” 
DE ae 
0& IT 
ct 8 
Gh yes 
“SUIJAL “SIE] 






‘moHemp 
Surpucdsa1109 








oOo © WH aH 





"0781 
wayyeom Arp 
ayy Jo sod 
-[NUL UT o4eI 
qeyyeem AIp 
oy} Soult, 
9014} 9AOqe 
MOP Jo eosexr 


GHLV AA WHOLS GIATASa Tov], 









0€ 


‘OYVI AOTYYBIM 

Axp 9y} seuny 

9014} popesd 
-XO MOP JO o7el 
oy} WOM porog 





Ct 


éL 


G 


€1 








| 


‘ 
‘ 


‘ 


ure O'L-9YSTUpI 


“yyoruprur—"u'd 
ors fcurd op‘g-‘urd 
OZ SL SUS O'g-"W'e OF'L 


‘urd og "gud 0g °9 


UL? OE 'S-IYSIUpIAL 


“qystapror—"ord 
Og'9 fue OS L-FYSTUPT 


“OU, 








a a i ee 





Aepsrnyy, “YI6T yore 


Aepsoupo A “YIST Pore 


Avpsony, WILT Yor 


Aepung “q9¢T yore 


Aepmgeg “OFT yore 
061 


a 


%. 27eq 





ee em 


85 


ROYAL COMMISSION ON: SEWAGE DISPOSAL. 














— - - f E ie — 
seu a f¢ &9 L 18 a 









DS 


*ATPATINOOSUOD 





‘oyB1 “AA “CL "oyBl “MM “CL 


UUMUITX UL cunyxeut O49) Suryiom sem | ‘Surylom 
*sIn0Y sour § *SIMoy] SOUT} 20149 | “MonIOAO O4Y : 
‘SHUVWNAY mre popoossxe 071 Las oy MOPIOAO ‘SHUVWHY 
OATFNOISUOH | og smoy | 9A M>est0p one a yo xoqumu | sxnoy peqoy, 
jo 1oquinyy jo xoquinyy 4s0yVorly) 





AOVMAS ATAIMSHIOOVN 


) (BV WIAVL 


V0: 





¥9-T 








“somouy 


TSy rey 








TL6‘TIL 860°FIT 
OFO'LLO 00°80 
S9T‘LS6 0068S 
80899 OOF 00T 
98°16 006'TSi 
$69 9IL'T OOT‘ELS 
*SuUOT[eY) “‘qooyt o1Iqny 
‘soy FS 


jod asreyost(y [B10], 





Aine yste ‘Aepsoupo \\ 
Ane yi0¢ ‘epson, 
Ane 96% ‘Aepuoyy 

Ajap age ‘Aepung 
Ajne yyiz ‘Aepanyeg 
- up ya9s ‘Aepray 


yup yes ‘eps, 
TO6T 


“ALV 


APPENDIX: 


86 


‘SHUVWAY 








‘OVBI “AA 
UUM xX GUL 
sour} Fg 
peps00xKe 
MOP SImoy 


| jo 1oqunyy 


BATINIIBUOD) 


























qsnsnuy yiPl ‘ABpseupe A, 


-- qsnsny yet ‘Avpsony, 
- ysnsny WISVr ‘Avpuoyy 
- gsnsnuy yg {1 ‘Aepung 

qsnsny WOT ‘Avpanyeg 
-  qsusny 496 “AvpLy 
- nana yyg ‘Avpsavyy, 
qsnany ak ‘Aepsoupo MA 
- gsnsny 499 ‘Avpsony, 
- 4gsnsny wie ‘Avpuoyy 
- qgsnsny yp ‘Avpung 
- gsnsny pag ‘Avpingeg 
- gsnsny pug ‘Avpiuyy 


- gsnusny ast ‘Avpsany,y, 
> 
“panurjuoo— [O6T 








“opel “M 
WUNUULXBUL O9 


*sImoy] souity 9019 
poposoxe 9781 

SATJNOOSUOL) | —ALOTJ-1U1098 

ey} simoy 

jo roquinyy 


EEE EIR EE EERE 








“PINUMUOI—AOV MAD CTHIASHTOOV NL 








“ALY (TI 


— _ sacs: &&: OS6‘LI6 000‘°LFT . 
a ns | ye cr. 1¥9'89 8F6E0T x 
= 5 Es 8I- OSO‘SIL OOTFIL ; 
— = sais 80- 826 'SLP 096°GL 3 
~- — — 10- F9G LES 00198 ? 
Le a ee — ors‘L9¢ | 00016 
= | = — = POL 6g 009°68 , 
= = anes €0- OF8‘L9G 000°16 ; 
a a | oa €l- ae = : 

eae oe i *‘soouy “suoT[ey | “Joos OIQUD 

spies? 2a eo ‘SHUVWAY . 

jo toquina sInoy [B40 J, ge aan “‘SINOT FG 
4so}RoI4) | eae god asivyosid’ [2IOL 
whee ee ee 


87 


ON SEWAGE DISPOSAL, 


ROYAL COMMISSION 


























mish 


mn 





ret 
Leal 








TI 


nin 








9T-0 


L1-0 


FL-0 


40: 


G0. 


60: 





O8E‘O8L 
SF9'SF9 
9CF‘6SL 
09¢‘906 
S16°L0E 
Z66FLIUT 
096 F1F 
9c0'TTS 
0z6‘9G¢ 
9LG‘OLG 
SL‘E8S 
LEP'S6S 
OOLFE9 
OLG TSE 
02608¢ 
OOF FLE 


OOT‘E96 


Q009ZT 


026801 


006‘9TT 


OSa‘CrT 


OFS 6F 





008‘S8T 


00¢*99 


006‘TS 


02°68 





00FS6 


OSF‘S6 


868°C6 


OOTOOT 


00z‘E¢ 


060‘E6 


020°C6 


O¢s FST 





-ysnsny ysTg ‘Aepmgeg 
gsusny 0g ‘Aepiiyy 
gsnsny 16a ‘Avpsantpy, 
asnsny yigz ‘Avpsoupo A, 
- gsusny 491% ‘Aepsony 

- qsnsny 499% ‘Aepuop, 

- qsnony yyez ‘Aepung 
gsnsny y7¢% ‘Aepanges 

- gsusny pagg ‘epg 
ysnony pug, ‘Aepsaniyy, 
qsnsny 4sTz ‘Aepsoupe AA 
- gsnsny 40z ‘Avpsony, 
+ gsnSny yer ‘Aepuoyy 
- gsnsny y9gT ‘Aepung 
qsnony yyZt ‘Aepangeg 

- gsnsny yy9T ‘Aepuy 


qsusny yer ‘Avpsinqy, 
























































{ 
ingen = oe sag a4 | 2 - | a 88S'T9S 09668 ~ roquieydeg wyF1 ‘Aepimgyeg 
poe wi “ ae am beg ; “ — Se 988609 0S9‘L6 - — caqutaydag yy ET ‘AvpLyy 
; 
Lececes acs me — = ee = — = OFF'GE9 OSL‘66 - raquieydeg yer ‘Avpsmy, 
a . es = = a = = — 80-0 080‘808 008631 - raquieydeg yyTT ‘Avpsoupe 
—— . — — 4 -—— — oe — £0-0 SLT‘069 869°0IT - doquiaydeg yor ‘Avpsony, 
a se sig Ls =, os: —~ asd €0-0 960°CFD 006 GOT ~  daquteydag 496 “Avpuoy, 
a aa — = 2 ae é — CT-0 006929 OcF‘00T - — daquraydeag 9g ‘Avpung: 
$ 
— ez “a A aa s = — = OOLTLP 069°CL - aaqmieydeg 441, “Avpamgeg 
: aa — ae nk a ie = —~ — O91 FES 000‘F8 i doqueideg yy9 ‘AvpLyg 
F 
Z eel aS = = 8 = — ——— fee 918SrS OST‘LS - gaquieydag 44g ‘Avpsanqy, 
Ey 
< — a — = ps a oo -- 808 19¢ 096‘68 - roquieydog y9p ‘Aupsoupe Ay 
—— _ - = a -- — —. -- SZL‘ST9 SPO'IZI -  roquraydeg pig ‘Aepsony, 
—— =, = — = = Se ee Ty 009°GE¢ 0g¢‘88 -  roquuaydeg pug ‘Avpuoyy 
af Sa Be = fa os a + — — osga'Tse oce‘9g - taquioqydag 481 ‘Avpung 
“paieyajuoo—T06T 
: eer o7vel "MC |. 3 ‘ : 
a7el *M “C Ajaarynoest00 seyou SuUOT[® qeae} o1qng 
alias UMUILxX eur , CUnUTTXVUT OU} | Suryiom sea | “Suryr0M Sith uate aa 
: " souiT4 fe SITLOY Soul, soit4 MOTIOAO ey} . SS ee | ee ee 2 Oe ee Be 
SHAVWAY eussoke Ppepsdoxe 071 acts MOPIOAO ‘SHUVNAY ‘ALVG 
SATFTOVSILOD) Pep 9ATINVGSMOD) MOT{-ULIOFS q 
MOT SIMLOU, 94 sino jo 1oq Wn sImoy [®990.L T[eyUreyy “SINOU FG 
jo 1oq umn Ny oe eae 4soqBory) Treyat Jod osrvyosiq, [e410], 
ee eS a a acta aa s ee lie a a 
oC 


‘PINUYWOI—TDV MTS CVALISHIOOV IL 


89 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 



































L0-0 


¢0-0 


OT-0 


&F-0 


01-0 








009‘86F 
009‘08P 
ZELLO9 
009‘009 
960°C49 
P8S'99/, 
G6 F09 
SZLE8E 
BIS‘ 1ar 
9LUTE9 


966'E99 


988°609 


FZ9'FS9 


GLO‘OFTT 


Z6LC6L 


SITOLF 





OOT‘6L 


OLOLL 


008‘L6 


06°96 


006°ZOE 


0S8'Z21 


S696 


OSF‘E6 


0es‘49 


OST‘TOT 


00F‘90T 


0S9'L6. . 


0OT‘0OT 
SPL‘ESI 
0SO‘LZT 


00¢'9L 





- gequiojdeg yI0¢g ‘Aepuopy 
- gaequieqdeg y96z ‘Aepung 

Jaquroydeg 448z ‘Aepinges 
f roquieydag 494% ‘Aepiiy 
- goquioideg 449g ‘Aepsinyy, 
- requreydeg 446g ‘Aepsoupo A 
- goquiegdeg WIFG ‘Lepsony, 
- qoquieydeg pigg ‘Avpuoyy 
- geqmiegdag pugz ‘Avpung 
- Joquuaydeg 4s1z ‘Avpingeg 
-. doquieideg 490g ‘AvpLLy 
- roquoydeg yy6r ‘Aepsanyy, 
- oquiegdeg 43gT ‘Avpsoupe 4 
- Jdoquieydeg y4L1 ‘Aepsony, 
-. doquazdeg yy91 “Aepuoyy 


> taquieydog yy¢T “Aepung 


6225 


APPENDIX < 


90 


"UdyB} SoTdues ULI04G | 


‘SHUVINAYT 




















cs = § I 
= = ¢ fe 
— a 4% §% 
— ‘az I I 
= re § y 
; SAN "078I "MM “CO 
ese mune of 
“SInOy 2 *SITLOT, sould 9014 
saul} ¥¢ ; 
apoooxa popsesxe a481 
OATINIOEUOD Ne soy OATINIOSUOD | ALOT{-U.1098 
Jo Joquinyy ey) SIMoy 


jo Joquin yy 








om & aes 
I §¢ = 
$F 9 ase 
eecees & tee 
SE 7 —= 
eae “ag faa 
‘a 
| 
2 3b — 
z z | a 
as I —-~ 
— I —— 








‘AToAaTyNIsM09 
SULYIOM sem | “SUTyIOM 
MOPIOAO O44 


ONT 
arnoy AMOPAAO SHUVWAYY 
jo roquinu =| s1n07y [eI0 7, 

48074014) 


‘P2NUAqwoo—TOV MAG QTALISaIOOV W 








11-0 


L0-0 


€0-0 


€0-0 


9€-0 


g9-0 


60-0 


29-0 


LT-0 


83-0 


66-0 





“soyouy 


TOFere 








ooF'9TL | oos*TT 
o0s*L¢9 oseSor 
009°8TL OSTSIT 
09¢°GPhL 000°61T 
76 OLL OSS‘ 
96F6L9'T | OST69G 
GLOFEST | gPe‘ecs 
080‘808 00631 
0ZE'8FO'T | 000‘89T 
889°6LL 0°6 ‘FST 
ZLO‘CHG OS¢‘TST 
FOL‘SES OSes 
GIS‘F69 00€ ‘TIT 
GL6'F6L 868 ‘L2I 
*SUOT[eY) “qooy OIquyO 
‘SINOY FZ 


rod osreyosiqy [%IO], 














- 1040900 WPT ‘Aupuoyy 
- 1090990 WET ‘ABpung 
1940990 WIZT ‘Aepangeg 
~ 1990790 WITT ‘AepuyT 
1940999 901 ‘Aepsinyy, 


1090920 496 ‘Kepsoupo AA 


1990900 WIE ‘epson, 


19q049Q 494, ‘Aepuoyy 


19q0190 499 ‘Aepung 


- 19q0999 YI¢ ‘Aepmyeg 


194090 IF ‘Avpryg 
Jaq0WO pig ‘Aepsinqy, 
19q090Q pug ‘Aepsoupe AA 


~ 
- 10q0}0Q 4ST ‘Avpsony, 


“panwjzuorI—T 61 


"ALY 


91 


.OYAL COMMISSION ON SEWAGE DISPOSAL, 

















rin 











rit 


ca 
N 





Colt 
N 





rica 


mica 

















90-0 


¥0-0 








269°61E 


0so‘es¢ 


OOF S69 


POP CELT 


GSE ‘OTL 


GL9‘eg9 


089‘68¢ 


ZEL'S8E 


O9T FZ 


GIL‘E08 


G16 G16 


geg‘ege 


GLLOGL 





008 ‘Es 


OSL‘Ss 


OOT'T6T 
008 ‘FIT 
SES‘EST 
00¢‘F6 
008‘Z9 
000‘F8 
008‘8ZT 
0089FT 
0¢9‘06 


S6FCTT 





L 


19q070Q 4ST TE ‘Avpsinyy, 
Jaqo70Q WI0g ‘Avpsoupo AA 
IaqopO IES ‘Avpsony, 

- 19q0}0Q) YIg9m ‘Avpuop 

- 10q0990O 1943 ‘Avpung 
10q0}9Q 499% ‘Aepingeg 

~ 10qo700 YES ‘ABpry 
10qo0qO WF] ‘AVpsimyy, 
I9qo0yG prez ‘Aepsoups MA 
Jaqo.Q pugs ‘Aepsony, 

- 19940990 481% ‘Aepuoyy 

- 1890990 190% ‘Avpung 
TaqowQ WEL ‘Aeprngeg 

-  19q0990. YI8T ‘Aepiayy 
19q0720 YLT “Avpsanyy, 
1090790 TOT ‘Avpsoupe A 


10q 09909 YICT ‘Avpson,y, 


M 


° 


6225 


APPENDIX 


——— 


‘uaye4 sopdures WLI0}9 


‘SMUVWAY 























° Sy ah ages ‘agel "MC 
Paine TWNUIXeUL 8} 
*SInoy Soult} fe peined Soulty vo1y4 


Pepdddx9 991 


aps00xKe 

9ATJNOVSUO Pp : 

ty @) op sinoy OATJNIGSMOD | ALOT{-ULI04S 
jo 1oquinyy be at cad as 


| jo roquinny 


8 Fer 4 — 


“aT MO 
401 Sey Soult} soI4}=OWINJOA [eIO], 











“ATOATINIGSMOD 


SULIOM SBM | “SUTYIOA 
MOPIOAO 944 


Smmoy MOPIIAO “SMUVWAY, 
jo zequinu =| sinoy [290], 
4so7Roiyy 





‘PINWYUOI—TIV MA CTATASATOOV JT 


£0-0 


gg. T 


0-0 


g0-0 


"soqouy 


AMRRA aE 


008‘808 
00SFF'T 
186°CF6'T 
000°F81‘% 
009'°SFL 
oogatt 
008‘TEL 
008'8EL 
BEGS‘ESS 
LEO'LLO 
POT 6SS 
096°FIF 


9ET‘00E 


GIL‘08S 


"STOTIR) 


_ 008°82T 


00r‘esT 
SPS‘ IE 
000°0¢E 
000°61T 
0S0EIT 
O8S‘LIT 


00E‘8IT 


008 GEL 


- 86F‘80L 


009°68 


00¢°99 


OST‘O8 


o¢0*es 


*SINOY FG 


rod osireyosiq, [840], 


qo0y O1qND 


~ JOUWMIAON YIPT ‘Avpsmmyy, 
IaqmeaAoN WIEST ‘Sepsoupe MA. 


- JaquUIeEAoN YIVT ‘ABpsony, 


Jaq WeAON WITT ‘ABpuoyy 


Iaquiaaon WOT ‘ABpung 
- gaqumaaon 496 ‘Aepmgeg 
: aoa ee Laie ‘AepiLy 
LOqUBAON WAL, ‘Aepsanqy, 


- LequIBAON 499 ‘Aepsorpe AA 


TaquaaoN WAG ‘Avpsony, 
= Jaq UINAON WF ‘AVpuoTL 
- Jaqmaaon pag ‘Aepung 
~ Jequieaon puz ‘Aepanyeg 


. ~ LoMMEAON 4ST ‘Avpiayy 


“PanNUurzquUorI—T OGL 


ALY 





93 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


























ne 


my 











a 


FI 


#1 


sal 





10-0 


0€-0 


FP-0 


8L-0 


92-0 


62-0 


T0-0 


00¢‘899 
ons‘GL9 
0OL‘E89 
00698! 
CLE190T 
000‘8#6 
008°EZ8 
00¢‘9Z0'T 
000‘8LL‘T 
008‘LT8‘T 
000'880°6 
CLECOF'T 
OOG‘LET T 
008'Fe¢ 
008‘E19 


008 0SL 





OOL‘LOT 


008°L0T 


0ge‘60I 


OS6'LIT 


860‘OLT 


006°TET 


008°ZET 


00¢F9T 


006F8z 


006‘T6% 


009°FEE 


869°F2e 


00¢*esT 


006‘88 


09¢'86 


o0g*etT 





- Jaquioaon 499g ‘Aepanies 


= TOQMUIAON 496G ‘AvpLyy 


= foqUloaon 499m ‘Aepsinyy 





TAYWOAON WILZ ‘Aapsoupa AA 
-  LoGTMOAON 199% ‘Avpsong, 
ToqMaacon WYVEg ‘AvpuoyL 

LE WOAON IF] ‘Aepung 
Ta(MOAON prez ‘Avp.angeg 
LoquaaoN puzz ‘Avpryq 
TOQIUOAON, 81S ‘Aupsamyy, 
TOQUIAON 190% ‘ABpsoupo 4 
TOA 161 ‘Aepsony, 


TO(MOAON TIT ‘Aepuopy 


Toy MoaoN WILT ‘ABpung 


- Joequieaon YIgT ‘ABpinyeg 


- TaqMiaeaon yet ‘Avpuyy 


APPENDIX: 


94, 


“‘SMUVNY 






































a a - A ; j 
a = : v #8 $8 
a “ae a f j ¢ 
sats e9 - = ip 9 
a = U va ra g 
I 86 p 9 8 €I 
- Mg T 46 % t¢ 
is ie = + = = ! 
4 oa ar ae if i 
. ieee ‘over “MM “Ci. 
over *M umunxenr oq | ATeAinoesu09 
: 44 : 
“smog Hie eee ‘sunoy SOUIT? 90144 ses shoe Sury roa 
popesoxe pepesdoxe 078.1 ans "9 AMOP1GAO 
CATUOGSUOD | oy amnoy | AMMeSUOD| Aop-w11098 * radu paneer 
JO 204 URN j . Mane 480} BO1¥) 


"PENUYU0I—ANVMAG CITMSLTIOOV IL 


tae i 40-0 
seh +10 


eee SP-0 





ere 60-0 


aan 61-0 


— ¥-0 


Sa 0-0 


as G6:0 


career IL-0 


os 10:0 


a 10:0 


‘sayouy 


*‘SHUVWAY 


TSB 





000‘Ses'T | 
009‘016S 
000‘09L'T 
000‘928‘T 
GLLGEET 
000° 968" I 
000°L16% 
008‘L06T 
008‘St8 
00S‘LOT 
OOL‘TO8 
CLP‘OI8 
OOF‘S0L 


00F‘a8¢ 


*SuOTIeY) 


Ssinoy Fe 


rod eSreyostq [e410], 





PQUUUOO— NBL 





OSL'OFS - doequmooeg yyFT ‘Aepanyeg 
00s FSE «=| - —— Toqtua0eq] NET ‘Aepray 
008'Z8z - gJequis0e(q, YYST ‘Kepsmyy, 
009‘Z6% - Jaquieoeq’ WITT ‘Avpsoupe Ay 
868°SIE -  Loquieoeqy WOT ‘Aepsony, 
008‘0E - Iaquiaoaq 436 ‘Avpuoyw 
osa‘ecg =| - = doquieoaq yg ‘Avpung 
0SS‘E6t > toqureseqT 4, ‘Avpngeg 
ocr ceT - > daquieoeq, 449 ‘Lepr 
OS8‘TLT -  doquieveqy yg ‘Avpsanyyy, 
OSF'SZI - requiaoeqy yyF ‘Aepsoupo Ay 
Sh8 ‘621 - — daquieoaqy pg ‘Avpsony, 
OOLSIT - —- daquteveq, pug ‘Aepuoyy 
008‘E6 - > doquisoa(y 48T ‘Avpung 
‘qooy o1qnyO fs bend bem! 





95 











AN 





Hie 
nin 


nN 


nicl 


nia 


Ve 











ROYAL COMMISSION ON SEWAGE DISPOSAL. 





4 
=) 


¥¢ 
ZI 


fg 


a 








09-0 


¥&-0 


oT-0 


10-0 


L0-0 


GLLOOL'T 
0090Z9'T 
00901L9'T 
00¢‘6L9°T 
O0S*esa‘T 
008°629‘T 
000°6ZE'‘T 
GLL COS 
O80 FLFT 
000°T#8 

006‘ST6 

000°G60'T 
00s FL0'T 
000998'T 
GLO PLY'T 
000°COF'T 


00¢°Z88 


SFL‘E8S 


O0L‘6SS 


OSL‘L9S 


OST‘696 


00610 


OOT‘T9S 


000°GF% 


SEF FSS 


08% OES 


OSL FET 


0G9‘9FT 


008‘E9T 


O0B‘SLI 


09210 


SF ‘9ES 


OOL‘F2S 


OOF TFT 


roquiaoay 9sT¢ ‘Avpsany, 
yoquieseqy qI0¢ ‘Aepuoyy 
reques0qy 116% ‘Avpung 
requresaqy 198m ‘Aepanyeg 
roquies0(T 4943 ‘AepLy 


raquisoeqy y9% ‘Aepsinyy, 


- Iaqumaoacp ICs ‘Aepsoupe AA 


sapere a y1P% ‘Avpsony, 
qoquisseqT prez ‘Aepuoy 
Joquieveqy pugz ‘Aepung 
raqursoe(T 981z ‘Aepanyeg 
roqura09(T Y0% ‘AV py 


reqursseqy UIST ‘Avpsamyy, 


- yoqm1909(] UIST ‘Aepsoupa A 


zeqmmeceqy WILT ‘epson y, 


roqmaoeq, WOT ‘Aepuoyy 


Jequieseq, yyeT ‘Avpung 





A 
= eek ary ee 
& 
Ay 
Ay 
<{ oe I 

| aoe &% 

‘sIn0y 
‘SMUV NEY 
SATINOBSUOD, 

co § 
[=n] 





FI 


-ayex*M “Cd 
TUnOITxX BU 
sour, $¢ 
pepesdxe 
MOP SIMO 
jo JoquInNy 





rin 


¢ 








*SITLOY 


@ATJNIISTO() 


‘ayel “MC 
UINMUIXeU YY 
SOUIT} 9019 
pepeddxe 94e1 
AOF{-U11098 
ey} sinoy 
jo roquinyy 





4% 


Il 


*A[9AT9N9esT09 
SULIOM SBAL 
MOPIGAO OY 
simoy 
jo 1equinu 
480} BO1X) 








rica 
uw 


*SULYIOA 
MOPIOAO ‘SHUVWAY 


sinoy [BIO], 





“‘PenUYUOO—ANVAT CIGLISHIOOVW 


























— "| O8t's66 | ose‘est =| - — -Arenuer apr ‘Lepsony 
oy 009‘¢L8 ossorr =| - — -Arenuee yet ‘Aepuoyy 
ae 00¢‘868 0S6 ‘TEL - > Arenuer 4931 ‘Aepung 
ae OOL‘T66 006‘8ST - - Arenuee ygtt ‘Aepingesg 
60-0 : 009‘ T0¢‘T 009‘80 - + Arenuee yyot ‘Avpug 
10-0 ooc'es6 OLS‘LsT =; - — Avenuer 496 ‘Avpsinqy, 
= 000°626 o9s‘stT | - Axenuee 43g ‘Avpsoupe 
ay Oso'rOT'T | Oss‘9st | - Avenue 41, ‘Aepsony, 
10-0 OOO'LIS'T | OSOTIG |- ~- Arenuer 499 ‘Avpuoy 
20-0 o0s‘o9eT | OL0‘STZ - - ,Arenue pe yyg ‘Aepung 
= oos66ls | osr'sce =| - —- Avenuer yyy ‘Aepimgeg 
= oossLe'T | ogee | - ~ Axenuep pig ‘Kept 
| S1-0 oos‘ess'T | 004's6s | - Arenuer pug ‘Aepsraqy, 
G10 oos‘gce’s | OOLLLE | - Azenuee 4sqT ‘Avpsottpe (4 

GO6T 

“‘soyouyl *SUOT[e) “qooy o1qnyD 
( aALVdG 
TeyUTery ‘SINOY FS 


qod osreyqostcy [290 J, 
CR OC. eee ee ee eee ee 


97 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 





























——— Se 














“MOug 


“MOUS 


“MOUS 


“MOUG 


10-0 


é1-0 


¥-0 


O1-0 


81-0 





000°600'T 


000°890'T 


009°F9T‘T 


086 F40°S 


OOL‘O8F'T 


006°E89 


008‘813'T 


008‘FI8 


006'926 


008‘T36 


088‘Z8s 


008‘s0'T 


OOT‘S6L 


00¢‘L16 


008‘FE0'T 


00s‘ego'T 


00L‘880'T 











OOL‘TST 


OST TLI 


0¢9‘98T 


OG9LZE 


008'LES 


006‘60T 


008 e6T 


09¢‘0ST 


OOF SFI 


OOL‘LFT 


OOF TFT 


026°C9T 


OOF LT 


000°LFT 


OLY COT 


0Z6‘E9T 


0L9‘G9T 











- Avenuep yst¢ ‘Avpiag 


Avenue re 740g ‘Aepsanyy, 


Arenuve 36% ‘Avpsoups AA 


-Arenueve 449g ‘Avpsony, 


-Arenuee 441g ‘Avpuopyy 
- renuee 449% ‘Avpung 
Avenue yyez% ‘kepimyeg 


- Arenuee 497s) ‘Aepiy 


Arenurvp piez ‘Avpsanyy, 


- Arenuee pugz ‘Avepseupe AA 


- Arenurve 4sTz ‘Aepsony, 
-Arenure 440% ‘Aepuoyy 
- ATwnuepe YET neohis 
Arenuep yygt ‘Aepanyeg 
- Aecuduf WILT ‘AVpiayy 


Arenuer qy9T ‘Aepsinyy, 


Arenuep yyct ‘Avpsoupa pA, 


> 


~ 


6 




































































—- -- ~~ = ae ese an ——— — 00k ees 0ceeeT : Areniqo,t WPL ‘Avpiy 
naeene oy ss se + = — coe 10.0 | oos¢os | oos‘sor | * Arenrqog mer ‘Aepsmyy, 
a oe ke labs ss. one ae pas CT.0 00z'06 OSS‘FFI - Areniqoy WIS ‘Avpsoupe A 
athos — od a = Ba =i “Moug ZI-0 089616 OSSLFL - Kreniqe, yg11 ‘Avpsony, 
— ; Ay — ae = = = oe: OT-0 009F9L | 00e‘Zer - venrqog yor ‘Avpuoyy 
‘ ee = e PS Zs = ae “woug ZI.0 008‘LL9 008801 : Areniqe, yy46 ‘Aepung 
amaad = me er = = me “oug 90-0 008°98L oceLIT | - — Arensqog 48 ‘Avpanqeg 
— — "_ — — as a — -- 006‘069 ooorr | - - Areniqeg w9L Aeprg 
a a Sr ae —— = — — —— = 006‘60L OGL‘SII -  Aavniqa,y yy9 ‘Aepsany, 
a 
- —- — oes ‘eg! z! - Areniqoy yy¢ ‘Avpsaupo Ay 
a rs ea = a oa ioe 006'G6L 00S 9LT : g I 
fu : 
< — — a a = ua Bo ae = Oss‘Ls!, OSFIZI - — Avensiqe,y yy ‘Avpsony, 
—-= = ss == = — = — a 000 FFO'T 008‘L9T - Arenaqay pag ‘Aepuoyyy 
es ied = ae — = ax, eee i 008988 OOT SFT - Areniqeag pug ‘Aepung 
a= = = oe + _- -- —— are 000°0Z0'T OF E91 - — Arenrqeyy 9ST ‘Avpangzesg 
“panuyuos —ZO6T 
Cees : , sie 
"oY! “AA * "s = 
‘aye “MA “Cl Be as “‘Aaarqnoestoo pe soyouy SUOTILD) | “OF OIQUD) 
ene UINUIX UL ; eaaieaaa Surpioa sea | “SULYIOAM 
; a soury S¢ ney out Saath MOPAIOAO 94 - 
SHUV WY popesoxe popodasxe 0481 emuod A.OPf10A0 SHUVAAY GLY 
SATINOPEUOD | oH amnoy | PAHROBUCD| ALoy-wHI098 yo xoquinu | soy peq0q, Eoaune 
ey} soy ‘TTeyurey @ 
jo Joquinyy yo TeqQUINY 48098014) . ied eSrvyost [840], 
00 
a 


‘PONUI;{UOI~-LOVMAS CTALISTTOOV J 


a9 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 























ni 





nN 





OOH 


nN 











v0-0 


cL-0 


es 
i=) 


L0-0 


¥0-0 








- 008'SFO'T 


 000°C9T'T 


00F E96 


080‘E80'T 


00S‘0TS‘T 


000‘6E8 


000FITT 


008°EL8 


009‘ZT8 


008‘C¥8 


O86°LEL 


008°806 


006'969 


008‘ZES 





000‘S9T 


00Z‘98T 
OLe FST 
ogs‘egT 
000‘01Z 
00¢‘98T 
009'8L1 
000‘0FT 
002 ‘0&T 
OSFCET 
O&FIZL 
009‘CFT 
0¢9TIT 


O¢e eel 





' 


Areniqea,y 498% ‘Avpiuy 
Areniqayq yyLz ‘Avpsany J, 
Areniqoy, 49S Hae 
Areniqa gq yy¢s ‘Aepsony, 
Areniqay wyFe ‘Avpuoyy 
Aveniqoay pigz ‘Aepung 
Areniqagq pug ‘Avpmgyeg 

- Areniga 7 STZ ‘AVpuy 
Areniqa,y 490% ‘Aepsanqy, 
Aivnigoa,7 WIG ‘Aepsoupo AA. 
Creniqa,q yyy ‘Avpsony, 
Suntesa YLT ‘Avpuopy 
Areniqe,y W991 poe 


Areniqe,g yaet Aepingeg 


N 


6225. 


APPENDIX 


100 


‘SUAVWAY 














“SIMO 


@ATJNOOSUOD 








OBI “AA “Cl 


WMNULx Bul 
soutly $¢ 
popesdx9 
AOP SINOY 
jo 19q Un Ny 











*s1n0Y 


PATINOGSUO/) 





‘oye MA 'O 
TWNUIXBUL 94 
sem se1y4 
pepseoxe 041 
ALOPJ-WWI1048 
oy} sumoy 
jo JoquinNy 





-ATeatgnoesu0d 








Surysroa sea | “SU1yIOM 
MOPIOAO 99 
smoy 
jo Jequinu =| sinoy [e}OJ, 

4so7 vols) 


MOT19A0 “SHUVANTY 








“PeniwrzUodI—"HOV M aS GTAIASAIOOV AL 

















8-0 000°0€6'T O0T's6r 
01-0 oOseT6 | O&L‘9FT 
— OOT‘L6L OSL'LET 
= 086‘E0L 069°CIT 
FL-0 OOS‘STOT | OSL‘Z9T 
60-0 o0g‘1zs 009‘TET 
12-0 008°1Z6 LLPT 
0-0 006 ‘GE8 0zE'SEI 
Sa OOT*LLO 003‘80T 
10-0 OOL‘TEL OFS LIT 
10-0 08% ‘906 OSa‘erT 
10-0 00E‘TZ8 O&S‘TEl 
€0-0 090°CTL OOT FIT 
10-0 009018 0¢s‘6ZI 
| 
*‘soouy | ‘SUOT[eXy) | “Jooy o1qny 
| | 
Treurey poe 


Jad asxreyost(y [90], 














- Youn WIFT ‘Avpiy 
- youvyy YET ‘Aepsanyy, 
yoleyy WIVT ‘Aepsaupo AA 
- yore YITt ‘Avpsony, 
- Yoreyy WOT ‘Aepuopy 
- yore; 116 ‘Aepung 
- yorepy 49g ‘Aepangrg 
- yore 94 ‘AVpry 
- yore 499 ‘Avpsanqy, 

yor, ygag ‘Aepsoupe AA. 
- -qoreyy, agp ‘Aepsony, 
- PETE PAg ‘Aepuoy, 
- yorvyy pug ‘Aepung 


- yore 9sT ‘Avpangesg 


“panurquori—Z6 I 








"ALVG 


101 


ROYAL COMMISSION CN SEWAGE DISPOSAL. 


























nin 
La | 





rea 


at 


$1 


Se 

















81-0 


60-0 


60-0 


60:0 


90:0 


80:0 


IT-0 


96-0 


70-0 


90-0 


80-0 


60-0 


80-0 














OOLSETT 


OOT‘TOL 


ocs66L 


009‘F18 


009‘¢Sa'T 


009‘C03‘T 


08Z‘Ze6 


006‘080‘T 


006826 


008‘S0L 


0OT‘OES 


006‘0T0‘T 


OOF FES 


080°G06 


006‘°EL8 


006‘E89 


000‘L90‘T 


000‘C8T 


ose‘SIT 


080‘8ZI 


OFS ‘OST 


002‘T0% 


002‘861 


ogee ‘acl 


O&Z‘ SLT 


OSL‘SFI 


OOL‘SIT 


000°€8T 


000‘C9T 


OOL‘EET 


OSS FFI 


OSs ‘OFT 


006‘60T 


OOTTLI 








- Yorepy aSTg ‘Avpuoyy 
-  Yyouryl W90¢ ‘Aepung 
- yore 496% ‘Avprngeg 
-.  qoreypy 498% ‘Aepray 
- yore 1916 ‘AepsnyL 
TOIT 199% ‘AVpsoupe A. 
-. yore yyez ‘Avpsony,. 
- yore WIP] ‘Avpuoyy 
- yorrp prez ‘Avpung 
- Your, pugs ‘Avp.ngeg 
> ore, 981s ‘Aepiayy 
- PIB WI0S ‘AVpsannpy, 
yoreyy TI6L ‘Aepsaupo AA. 
- yore ast ‘Aepsony, 
2 ean WaLT ‘Aepuoyy 
> Ore, WIT er 


- TPOIVW YICT ‘ke@pingeg 


APPENDIX : 








102 











| 

| 
nin 
S 
S 
oO 


OSZ‘S9TT | O€zZ‘LSt = 35 Judy as, ‘Aepsony, 


“panunjuor—ZOGT 








— ! aes" te aes ge = ay ore 10-0 00618 OLB TEL ee Tudy yrr ‘Avpuoyy 
— — = ee a oe on Yat 10-0 00¢‘COL ocoetT | - - — Tedy uy¢t ‘Avpung 
semen =F = oe, + ey t = 80-0 00¢C68 00¢SFI - -  Jndy yigt ‘Aepamgesg 
--= = _ -— - — — — ae 00FEz8 oseTet | - > Tady watt ‘Avpry 
—- — _ - ~ = — = ano 006918 os‘eeL, jf - = tady-mpoT “Avpsmayy, 
— ae = cont — 5 — ioe ~~ sore OOTGFL - > [dy 196 ‘Aepsoupe A, 
—— _ — = — = — — a ASL‘LZS ocoeel | -  - | Tdy 9g ‘Aepsony, 
—-— _ — — — it ~ Sere = 0&Z6L9 o9s‘soT | - > Td y yyy ‘Aepuopy 
-~— _ = = — cal if — —— = ose‘eeg 0000. |} - > THdy wa9 “Aepung 
— —_ = — | — ¥ 5g ao 9¢-0 00S‘6TFT | 00E‘Lz% - Judy yg ‘Aepangeg 
en , oF aa = ae ct ae 60-0 OOS TFOT | Os699T | - + = Thdy yp ‘Avpry 
— — = — — a — ——- OT-0 009‘L96 Og0'EST - = Judy pig ‘Aepsanqy, 
eee — = oe = —_ — = = 006‘E¢8 Ors‘9er | - -THdy pug ‘Aupsoupo Ay 
| 
| 
bee eee come | S| zou sewer | ‘seo | sn ouno 
‘SMAVNTY iad: Serna les A ctotes ten ae popenso oa aa ‘SHUVINAY | ase 
Ee.) | Mop emor. | Ar oseLOO fom jo Jequmu =| soy [240], ue ie ‘SIMO FZ | 
jo Joquinyy yo requ 4soyeolyy tis Jad oSreyostcy [810], 











*‘PInUHUGI—ANVYMAG CTIAMSATOOV AL 


103 


ON SEWAGE DISPOSAL. 


ROYAL COMMISSION 














§¢ 




















06-0 


60-0 


6F-0 


0OL‘8L0‘T 
080°GSL 
00‘66L 
O¢FL8¢ 
OOF'Z69 
OOT‘808 
000°0E8 
00FE68 
080‘88T‘T 
000°618 
O09'LLL 
002069 
006891, 
0¢8‘9T8 
00S‘F9L 


080‘ZEe‘T 





006 BLT 
00Z‘91T 
OOT‘SZI 
OS F6 


06 01T 


000‘E8T 
OLTEFI1 
00F 061 
Oge‘TSI 
009‘FSI 
009‘0LT 
006 ‘SST 
006‘08T 
00¢°ZSI 


00S‘81z 








- -qudy q0¢ ‘Aepsoupa A 


- + | qudy 496% ‘Aepsony, 





- + [udy 498g ‘Aepuoyy 





- > edy 492g ‘Aepung 
- - pudy q99% ‘Avpimgeg 
- = Judy 496% cepbiit 
é - yudy ag ‘Avpsmyy, 
- judy pigz ‘Aepsoupe 


- - qudy pugg ‘Aepseny, 





- + qudy astz ‘Aepuoyy 
- + Tudy 14903 ‘Aepung 


- + [udy 4961 ‘Aepamngeg 


tady yet ‘Aepray. 
- = Tudy quit ‘Aepsmyy, 
- judy qj91 ‘Aepsoupo Ay 


- - judy yer ‘Aepsony, 


APPENDIX : 


104 


‘SHAVNAY 























—_— — — —— a 
oe 1p 
= _ = i = : 
so) ee. re § a. 41 
= ‘ ots | re a aa a 
é Me | ee 
eae | cau, ae hos, = Z 
"O78 “AAG ee. ah ‘AJaatynoosu09 
‘soy Mon x eur ‘smnoy sour} aer]) SUIYIOA sea | “SUTYIOA 
Bay te apoooxe oye | “OBTP4° 844 | monioao 
nee poepesoxe Bee : sIN0Y B 
IgNIeBIOD, OATINOVSUOL)| ALOPF-UIIO9S 


MOP SInoy jo Jequinu§ | sanoy [e490] 
jo Joquinyy 5 eae 4807RO1 





‘PANUYUCI—ZOGL “TOVMAG CTATMSHTIOOVI 


£0-0 


OL-0 


91-0 


£0-0 





‘SHUVNTY 


"sou 


"Treyarey 


008‘89L 
OSL‘S9L 
OOFS8L 
008°09 
006069 
000°E20'T 
006°L6L 
000°E86 
0889¢0'T 
000‘688 
OOL‘OE0'T 
006 6FS'T 
OOF ESS 


008‘L6L 


‘SuOTTe 








OOS'EZT « 
00G EST 
gear 
00996 
009°0TT 
OSG°COT 
OSL‘LEI 
098°LST 
OOF 691 
O9F GFT 
00G‘E9T 
006002 
OS6‘TEL 


OSL'LET 


- Avy WIFI ‘Avpsoups sy 
- ep wer ‘Avpsony, 
- ALT VI ‘Avpuoyy 
- — Avy wT ‘Aepung 
- ew WOT ‘Avpangeg 
- = Sep a6 ‘Aeprayy 
- — &epy wag ‘Aepsmyy, 
yore W4L, ‘Avpsoupa A. 
- Ae 499 ‘Aepseny, 

Ae wy¢ ‘Aepuopy 
- — - Ae yyy ‘Avpung 
: Avy pag ‘Aepinyey 
- - Avy pug ‘Aeprayyp 


- Ae qs, ‘Aepsanqy, 
“Panwaqwoar—ZOGT 





‘Qooy o1quyda 


‘SINOY FG 
Jed aSreyostq [BIO J, 


“ILVC 


105 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 

















vas 





Hn 
ine) 





ala 
Lee} 


in 





&1-0 


91-0 


10-0 


60-0 


10-0 


80-0 


9F-0 


60-0 


80-0 


89-0 








008TZS8 


008'8E8 


00S FES 


OOT‘E86 


08Z°960'T 


008F06 


006‘9¢8 


000°EE0'T 


006 ‘LEL'T 


008°LL9'T 


000°6¢6 


OSTLL8 


000‘°G60‘T 


000‘98T‘T 


00e‘coF'T 


009‘88a'T 


006‘LSF'T 





009‘TST 
OOF FET 
OOL‘EST 


OOL‘GLI 


006'FFI 


000‘08% 
008‘89% 
o¢o'est 
0°6°S8T 
000‘ELT 
0¢0‘06T 


O&S8F&S 











oe) 





Avy ste ‘Aepamyeg 
- Av WOE ‘Avpiayz 


Av 6s ‘Avpsinyy, 


- ke 198% ‘Avpsoupo A 


- 


AR WLS ‘Aepsong, 
AV 199% ‘Avpuopy 
Av ges ‘Avpung 
Av 49S ‘ABparngey 

- Av pags ‘Aepryy 

) Avy puzz ‘Avpsanyy, 
Avy ISTs ‘Avpsoupo A 
Avi 4906 ‘Aepson y, 
Sey Wet ‘Aepuoyy 
Avi UST ‘Aepung 
Av WILT ‘Aeprmgyeg 

- Av WOT Aepuy 


Av yer ‘Kepsingy © 









































— } = = es) eee = g i tc <0 || ooL‘9e8 ocover | - ~- oune wap ‘Aepinqeg 
. | 

a | ee | Ee e- = =, rien’. ceacae 10-0 osr‘ogg 008'88 -  - oun a9¢T ‘LepT 

— ae ss “ ae = Bog — 10:0 | ooo'ezs | ogetet |- - oun wr Kepsmyy, 

a ae = - = es: || ea — - ooo%6eL | oor'ser |- -oune yaTT ‘Aepsompem 

{ 
— — _ — — — a —- : ar O8e°LZL ogs9TT - > oung W0T ‘Aepsony, 
‘ | 

— — _ = — — — ——— — 009°GLL ossrer | - ~~ oun 496 ‘Aepuoypy 

<= — — — a = — — = OLS BPI oos‘zor. «=| - | > -oung 49g ‘Avpung 

a =v = ae a I % core &Z-0 ooOL66s'T | OL8'80 |- - eung 4a, “‘Aepinges 
:. ae =r as § § Ve z eet Z-0 Qoo'zo0'T | oge‘tIgt |- - - eune 499 “Aupryy 
i 
. ing si Es = oF ee a ose 10-0 009'9L6 oLF9ST =| - - sung qy¢ ‘Aepsinyy, 
Be 
<4 — — ~ -- = — = — — ooore. | OomZtT | - - eung yap ‘kepsoupe 

4 — — = — — -- — = 086‘T8L oosesr |- - sung pag ‘epson, 

a = = - = = = eam ZO-0 OSG'GFO 00620 «=| - =- oun pug ‘Aupuoy 

roe = oF me = | = ae aa 70.0 00969 ose0IT «| - = - oun 9st ‘Avpung 

“panayyzwoo—Z061 
opel “MC | 
. . . ° * * aay 
oe MER I ee | Sarasoa son, | I eae 
“*s1n0q ae Fi ‘SImoy soumty dor} | Hee O68 ml i 
bee pepeooxs PO RSG Mace ae” nia T | mopioao “SMUV AA BLY CL 
bat 8 Mop smoy | PAHMOESBOD ‘ont doe jo 1oquinu | sinoy [B4OJ, “[peparey one ye 
jo 1oquin \y jo requiny 4So7BOI4) : Jed ssreyostq [840 
| (e Seeeea ava Ha Oe ee 

ie) 
= PINUuyuUoo—ANVMA CTALSHIOOV I 


107 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 














OST‘6E¢ 


008'G6E 


— 000°669 


| 000°669 


009°GFS 


000°OTL 


- 089‘098 


00S‘TI9 


OSFSEF 


006094 


— 00S‘8ee'T 
| 09@'SLLi 
' 006°808 


O8L'CE6 


000‘8¢L 


OOL‘ST9 





009°68 

oce'e9 

000°6LT 
000°%T1 
000°¢ST 
O¢L‘eIT 
006°LET 
000°86 

008°69 

008‘TST 
OOL‘LIZ 
OOL‘FZI 
00S°6T 
OSF6FT 
OSFTST 


0S8‘86 








- — oune qq0g ‘Aepuoyy 
* aune 196% ‘Avpung 


- oane 482 ‘Aepinyeg 


oun 491% ‘Avpeg 


- oun 419% ‘Aepsinqyy, 
eune yI¢6% ‘Aepsoupo AA 
- sung 49¢% ‘Avpsony, 
- oun pigz ‘Aepuoyy, 
- une puzz corte 
- eune ysTz ‘Aepangeg 
- pun 410% Perel 
- 9une WI6T Prone 


eune yIgT ‘Avpsoupe \\ 


oun YaLT ‘Aepseng, 


- sun Y49T ‘Kepuo wy 


- oune IGT ‘Kepung 


6225. 


APPENDIX : 


108 














— . oy rat _ -~ — oT — — OST‘ZOL OST ‘SSI - - Se y4pT ‘Avpuop 
—— a -- _ -- -- —_— -- oor'ses | ogu'cs |- + Ame mer ‘depung 
sa ia Bek ck ei a = - ae Be oog'cea =| oge'tot. «| - |; Ate wa2t ‘Mepangeg 
—— - -- -- — ~ - noe -- 000°LF OOL6TI ees Ajup ygit ‘Aepuy 
ey eae U ia G 4 Coa . 08-0 oos‘ser't | oo“'cos | -  - Aime wor ‘Avpsmyy, 
-— -- -- — — = _— — ZS-0) 009‘€90‘1 OSFOLI - Apne 496 ‘Avpseupo A 
er = = ieee — _ = = a 80-0 OSF‘L98 QOOOFT - - Ame 9g ‘Aepsony, 
— = a Be ee oe ate —— us 008‘GFS OSF'eS] ag Aap yy, ‘Avpuopy 
wae -- -_ = —_ -- — —_— Z0-0 0S0'F6E 00686 5 : - Ane yg ‘Avpung 
—— -- — = = —_ — ae Z0-0 O0E‘TSS 009‘TE1 : : Ajug yyg¢ ‘Avparnyeg 
ae -- — — — -— Ave —— 90-0 OOT'G9S 009‘'SET e . - App yyp ‘Avpeyy 
— — = =z a a= ae —- 2 oos‘eeL OOTLSL - - Ale pag ‘Avpsanqy, 
—. ~< os, pos a ie — —— = 000‘LTS 00S6Z1 : - Ayug pug ‘Avpsoupe 
ce 43 c 7 € I I ar OL-0 08008 oooeet | -  - Ame gst ‘epson, 
“pareunguon —G061 
z . 
. “Me eet SNe Cals s . ‘SUOTIV ‘4005 o1qn 
sata urmapeat ofp] AOABMRTOT mewoar | uous | veep ¥tn 
*SInOY gouty § *sin0Y soluTy 8o1T]4 opie AO 043 P me c 
‘SHUVNY - eee pepedaxe o781 cae ALOP19A0 SMUVATY erumestae ental TLV 
OATINOOSILOF) Pp P sanou 9A1JDOVSUOL) A.OP-ULIO4S o Jeqwnu sinoy [B90 ‘no 
MOY { ey) smoy I q by “‘T[eyarey d e 1} f ¥ 
jo 1equUInNy yo wequnyy 4804 R014) . lod esivyost( 190], 











“PandyUor—HOVMAS CTGIISATOOV IAL 


109 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


ett 


a Od 


‘06-0 
99M IOF [BIOT, ‘wd g 
epinjeg peddoys 4o0[9 


~ 


LG-0 


0) 








000‘0FL 


000%S8 


080°600'T 


OOTGLE 


006°96I'T . 


009°BF'‘T 


0g9‘E89 


000'LFL 


00F‘8es 


0806TE'‘T 


008‘EL8 


00g *T9S 


OOL‘LOL 


008°6LL 


OOL‘99L 


009°SPL 


OSS‘ELL 


o¢9oSIL 
0g8‘9ST 
OOLLOT 
OGL'SST 
008‘T6T 
OST 66T 
0GS°6UT 
OOL6IT 
09S‘LET 
OOF TIZ 
000‘0FT 
09668 

OOFETT 
096 FZ 
098 ‘CST 
000‘6TT 


006‘SE1 





- Ame ste ‘Avpsinyy, 

Aine yi0¢ ‘Aepsoupa 
- Ayn ¢ 96 ‘Avpsony, 
- Ale wage ‘Aepuoy 
- Ae y9zzg ‘Avpung 


- Ane 439¢ ‘Aepinyeg 


- A[ue yes “Aepiay 
- Atop y94@ ‘Aepsingy, 

Ajne pigz ‘Aepsoupo AA 
- Ame pugz ‘Aepsony, 
- Aue sts ‘Avpuoy] 
- Aju 4903 “Aepung 
- que wy6t ‘Avpamgeg 
-  - Ame yygt ‘Lepr 
: snp WILT Avpsimyy, 
- tng yygt ‘Aepsoupo AA 


- Arne wert Aepsony 


APPENDIX {: . 


4 
WV 


1100 


"‘SHUVWAY 


nt Sins I SA rad DD | 





“sInoy 


SAIQNISIOD 


“0981 “MC 
WIMUITX BUL 
sounly $e 
pepseoxe 
AOY SINOy 
jo Joquinyy 


COs 


*SINLOT 


SATIDOVSUOD 















asnsny apt ‘Aepsinyy, 


qsnsny UIETt ‘Lepsoupo Ay 


qsnony (Zl ‘Aepseny, 
qsnony yy ‘Aepuoyy 
qsnony yO ‘Aepung 
qsnsny 496 eran 

qsuisny yg ‘Aepiay 


qsusny yas, ‘Aepsinqyy, 


qsnony 49 ‘Aepsoupo A 





= at on pes ie coset | oos9tt | 
I 
2 as 3 —— 60-0 008966 00gEeT 
rs T I ae 1-0 088‘T60'T 000‘ELT : 
ns — = — ¥0-0 OOL‘LOL OOF ETT : 
ng _ oe —— 01-0 008'¢80'T 009°ELT : 
es ane a ae 10-0 OL9°9E8 090'FS1 ; 
én pies g —— Z1-0 00¢ F101 00B‘BLT ; 
i is & —— £0.0 oor'sis OOL‘OFT =| : 
— — = — 0-0 006686 00S‘0ST 
a a is —. _ | 086°900‘T Oe‘ T9T 5 
— = = oo — 008°ET6 pais : 
& I $6 es ZE-0 ooo‘ene't 00F'sTz : 
I I #1 == 06-0 00€‘TIO'T 0c0ZOT z 
as. a = a _ 009618 006081 7 
PIROY-WIO9S jo ke oe a SAVOY FG 
jonmequrn wel pater eae) Tyee | zed ofseyosic] [210], 





“‘PINU4qUOI—ANVMAG AITIASATIOOV IT 


qsnsny 4a¢ ere peoe 
qsnsny 9p oh sea 
brie pag ‘Aepung 
qsnsny = ‘Kepinyes 


< 
qsnsny ast ‘Aepiyy 


“PanUrquodmi—ZG1 





ALVC 





111 








Colt 























ROYAL COMMISSION ON SEWAGE DISPOSAL, 





nin 
es 





tl 
rs 


mln 
re 





= 00L‘T08 OSP‘8ZI - asnsny qst¢ ‘Avpung 
10-0 008‘TeL OSSLII ent a qa0g ‘Aepmgeg 
80-0 OOLFE8 0¢8 9ST > ysusny 4963 “Aepryy 
= OSTGIL OOLFIT qsnsny qygs ‘Aepsmyy, 
01-0 006988 OOLGFI qsnsny 491g ‘Avpseupa AA 
ose‘SsL, 0g€9BI - gsnsny 4996 ‘Aepson yy, 
si O0FL6L OSL‘LEL - = qsnsny yyge “Avpuoyy 
a 000°S¢L, OShIZE |- - ey i ae 
63-0 OOSILET | O0L‘E0S - --qsnsuy pigz ‘Aepmmgeg 
80-0 099‘F9L 00¢‘Z2I "= Asnsny pugs “Aupiny 
= 008SL9 008‘LOT -  -qsnsny 481g ‘Avpsanqy, 
40-0 O0L‘99L 0S8‘ZoI qsnsny 490% ‘Aepsoupo Ay 
ZL-0 ose‘coo'r | o0g9°09T - gsnsny 1961 ‘Aepsony, 
10-0 009‘906 OSG'CFI - qsusny yygt “Avpuoyy 
9F-0 OOLTILE | OST‘SLT - qsndny qy1 ‘Sepung 
20-0 o0g*ec9 000°¢01 -asudny yy91 ‘kepmyrg 
— 006‘9IT - qsn8ny wer ‘epi 


009‘63L 





, 


APPENDIX 


112 


FOP UE STO 
1 YOOM STG, TOF [BIO], a1 
‘Iaplo JO JNO aHn~es Yoo[D, 

















— fae Bis ¥ = g pl 
— = es A ay, ai ¥ £0-0 
<a = ae é é é ¥é ae 82-0) 
rT si orate oy = = Ea = 20-0 
— =p = mz = == a a 20-0 
=e = a 7 rag << — iis 10-0 
——- Se. saad = oa Fad = ae 0-0 
ee ear: = as “= mae = Sahil 10-0 
— eae = 3 = cd er marr ¥0-0 
—— es a = a = é SAT O1-0 
“9° , : “oyel "MM CT |. “9 
ores A mines on] APAMOONTOO seu 
“‘sInoy ree *‘sInOYy seul} 99149 | oieao a ; 
‘SMUVIWAT eee popedsxe 0781 B q 47 | mogaseao *‘SHUVWAY 
SATINOGSI0G Mog sinoy OATINOGSUOD)}| + AOT-ULI04S yorzoqunu | soy yeqoy, a 
70 SAE aN ia doa qsoqvoly) Teyarey 


jo 1oquin Ny 











‘PNUYUOI—ADVMAG CTSA IOOV 


008'8E8 OOF FEL 
00S*TT9 000'86 
OOL‘F88 OSL TFT 
000‘T#8 OGL PET 
000‘Z82'‘T OSFCOG 
082°08 O6TOST 
00L‘9E8 OcO FET 
00s*L8¢ OFL'6 
0€9‘°SI8 006 ‘0ET 
OLSFOL 00¢°GST 
OVS TLS 0¢9°6EI 
O¢L‘L96 OSO'eST 
08&‘698 008 ‘6ST 
OOF LEL 002 OTT 
“STOTICY) “g09F OIQny 
‘SINOY FZ 


Jod asreyosiq [%40], 





- gaqumoqdog y4FT ‘Aevpuns 
e 
- Joequeqydeg yyeT ‘Avpingeg 


raquioydeg WISI ‘Avpry 


requieydag Tat ‘Avpsmxyy, 
-lequieydeg yIOT ‘Avpsoupe AA 
- qaquregdeg 496 ‘Aepsony, 
: Jaquieqydeg 44g ‘Aepuoyy 
- requieydeg yy41 ‘Aepung 
- dequieydeg 449 ‘Avpingeg 
- Jequiesdeag yy¢ ‘Aepiayy 
- wgeqmazdeg 47 ‘Aepsanqy, 
- toquisqdeg pag ‘Aepsoupo A, 
- -dequieqydeg paz ‘Aepsong, 


- seapondes 4st ‘Aepuoy 


"PINUrquosI—Ze GT 





aLVG 


113 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 




















EI 


va 

















¥0-0 


80-0 





0€99F9 


00g‘ee9 


0¢8‘80¢ 


006'T99 


00¢*F0¢ 


029°CE9 


008069 


089‘F88 


0cs‘s96 


OLL‘SF9 


000‘°8L 


00S°LFS 


00&‘8F8 


000°ES0'T 


O8S‘88L 


009'8TL 





009‘80T 


000‘C0T 


OFS‘TS 


090°90T 


OF8‘08 


OSs‘TOT 


009‘0TT 


OSL‘TFT 


OSS FET 


0¢6‘0T 


008‘SST 


OOT‘SET 


020‘69T 


0Ss‘9aI 


OST‘SII 








- daquieydeg 40g ‘Aepsony, 
- dequieqgdeg 496g ‘Avpuoy 
- dequieqydeg yigz ‘Aepung 
- dequaydeg y91z ‘Aepinzeg 
-  woquiaydag yi9g ‘Avpiag 


- raqueydog 446g ‘Avpsanyy, 


| Jequeydag 417% ‘Avpsoupa A, 


Jaqmiaqydag pagz ‘Avpseny, 
- gaquieqydeag pugz ‘Aupuow 
- Jaqurey deg 4sTz ‘Aepung 
- daquieqdeg 440% ‘Avpanqyeg 
- requiaydag WET ‘Ae ptayy 
- Jaqmeydeg yygT ‘Avpsanqy, 
requeqdeg 1411 ‘Aepsoupo A, 


Jaquieydeg 4491 ‘Avpsony, 


- Jequaydag yyQeT ‘Avpuopy 


6225. 
































‘suoyrey) | “3005 01ND | 





— 0ga'eTe 


000‘L8z 


008‘FIT 


0SO‘SIT 


OSL‘ZOT 


000‘Z8T 


000‘G0T 


0¢9‘SIT 


OST‘S0T 


OOT‘OOT 


006‘08T 


00S‘F9T 


0¢0‘90T 


008‘GE1 





“SINOY FS 


Jod osreyosicy [240], 








<5 ed 3 3 z i ¢ | ei 089‘F6'T 
oe = § I 4% ¥L | i 000‘T62,T 
re = vad — a = I | a. OSr9TL 
‘SUL QE.T ‘OOM Of | 
Teor, ‘paddoys yoo[Q | 
joa Fed ma ae he. = = a ma 0Z9°G0L 
ase a -- a" en: _ | — 009‘ST0T 
ms —_ — § $ j € Ler OOL'SET'T 
eas _ = — = i 27 ae az 00g'¢e9 
as — am +s es — — ees = O8S“OFL 
oa] ——— —— = os noted — — ee © 
y 20-0 O86 FL9 
Q 
ra ss te ae ee a _ = ea oa OGL‘FE9 
py 
< ‘ 
= _— _ = _ re sor cal - 6S6°918 
aes sie see Pi = — _ aoe 91-0 00F9Z0'T 
eae ee des na ae — — zee €0-0 006‘199 
ail = = Sa ae ore es ene €0-0 OL ‘E68 
! eae ‘eI "M ‘CO |}. cae | : 
‘ eueecee PARES On? Aaa i “BULYIOAL et 
, SIno0y g ouTy Se *SIMOT SUIT 90144 AMOPI0 AO: 9Y4 ° 
SHAVNAY Pp @poaoxo pepes0xe Oye1 s1no0y MOFAVAO *SHUVANAY 
BATFNIIBUO/) OP sinoy DATINIGSUO) 4 peas jo zequimnu sInoy [BIO], -reyarey 
jo IoquInNy jo ae 4S80}Bvoly) z 
: | 
x = 
re 
eed 


“PINUsqjuoo—ANVMAS ATHLMISATOOV [Wy 


- 1040990 WPT ‘Avpsony, 
- 19G0PO WET ‘Avpuoy 
- ago WV ‘Avpung 
1040390) Yat ‘Avpangeg 
- 1040990 490T Kept 
- 100990) 496 ‘Avps.mqy, 
Iaqoy~O WIE ‘Avpsoupo Ay 
- L2q0PO YL ‘Avpsony, 
- raqopg yg ‘ABpUOT] 
- 1aqoq09 WIG ‘Aepung 
- 1aqoVQ) WIP ‘ABpanqyeg 
-  1aqoq0Q pig ‘AVP, 
raqoqg pug ‘Avpsmyy, 


1040990 981 ‘Aepsoupo AA 
“Pantjquoo—GO6T 


a ee 


TLV 


115 


SEWAGE DISPOSAL. 


4 


ROYAL COMMISSION ON 











al 


N 


FI 











val 


§% 





é0-0 


¢0-0 


g0-0 


¥0-0 


60:0 


£6-0 


¢0-0 


06-0 


82-0 


10-0 


0-0 





000°GE8 


OOF'9TL 


ogsF9OL 


089°GZs 


 OOTETE 


006 F9L‘T 


OOL‘SZ8 


(000°LE6 


OOT‘T80°T 


00e'SLF‘T 


08Z‘ZFI'T 


006°E0E‘T 


OsT‘6¢¢ 


006'806'T 


0S80z¢‘T 


00¢‘96¢'T 


006‘6&6 


00¢°98T 
008FIT 
00S°ZT 
 00ETEL 
008 9FT 
OSe98T 
008 ET 
OST‘OST 
OSS'ELT 
09698 
090‘E8T 
026‘80 
009°68 
008°66T 
OOL ‘EFS 
008‘Eez 


00S‘0ST 


19qowQ ITE ‘Avpuyy 
Iaqowg og ‘Avosmy J, 
IaqowO 46S ‘Avpsoupe AA, 
- 4840990 498g “Avpsony, 

- 1940990 YILZ ‘Avpuoyy, 

= Taqowyg YI9S ‘Avpung 
IaqojQ WICs ‘Avpanqgeg 

- TaqopoO YG “Avpuy 
Iaqoq9Q paige ‘Avpsanyy, 
IaqojwQ pugs ‘Avpsoupo AA 
- 104099() ISTZ ‘ABpsony, 

- 1090990 90% “Avpuoy, 

- 1090990 YI6T ‘Avpung 
1940900 UIST AEDES 

> toqow~g YILT Sepuy 
1040900 YIOT ‘Avpsiny 


10q099Q YIGT ‘Avpsoupe AA 


EB 


6225. 



































— — 1 $1 # u@ i 

* xs pi oe an hs i 

—_ 

A 

ra ee — _ sae 

zi “ mi ame) 

Ay 

Ay 

< = 

we, 5 oe — a me — —a 
See ‘oyeI "MC |. 
over “AN “a mia Sy | Stoasmnoosuoo| 
oan , ian LIOM SBA UTYAOM 
ae q souyy ¥¢ | Sout} COTY) | MOBIEAO 04 
SHUVNAY panseare popedsxe 0781 sone 4} | sopzoao 
SATIMOAEION | on amor | PAHROOSION aLemice yo zoqurau | soy 7610], 

jo Joaquin yy 0 pepe 4807014) 

oo |--——- 7 = ss 

= | 

= 











“SOUL OZ.) YOM 
Joy [eq0J, *paddoys yoo[g 





aa ay 10-0 





= 80-0 





oe 10-0 





‘soqouy 


“SMUVWAY 


Treyarey 


‘POMUYUOO—ADVMAG CIGMSTIOOV IL 





008°L8¢ 
0G6‘T9¢ 
00SE8¢ 
O8T‘L98 
008‘EL8 
oor'ses 
008‘6L2'T 
000°6T8 
008‘EL8 
OSE'8EL 
O8S'LLL 
006894 
00¢‘08F 


OOT‘6SS 


| 
‘suoyen | “yoy o1qng 
| 


OST'¥6 
04668 
OCF'E6 
0¢6‘8ET 
000‘0FT 
OS8*9ET 
00T'C0Z 
OSS TET 
000‘0FT 
00¢‘8TT 
009‘FS1 
00221 
000°LL 


009°68 





*SIMOY $% 
qod osreyosicy [840], 





eee a 





Jaqmeaon yp, ‘Avpiayy 


Jaqmoaon WET ‘Avpsanqy, 


IOQUIBAVN YAZT ‘Avpsoupo AA 


IaquLdaoN [ITT ‘Aepson y, 


JO(UIAON WOT ‘Avpuopy 


Taq waaon 46 ‘Avpung 


TaqMoAaoN WW8 ‘AVpangeg 


- IaqMOAON YL ‘AV PLT 


Joquiaaon 49 ‘Avpsny 


TaquiaAoN WE ‘Avpseupa Ay 


Iaq{WoaoN yyy “Avpson y, 


IoquINAON pig ‘Avpuoyy 


IaquiaaonN pug ‘Aepung 


Taqwmeaon 9st ‘Avpangeg 


“panunuod 


"LV 


—606T 





7 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 























60-0 


¥0-0 


69-0 


10-0 





OOT‘8T9 


OLS‘ESL 


002‘8¢z'T 


OL9‘TFE 


00F'S6E 


O8S‘FFL 


008‘F88 


0S0‘OLE 


0S1 ‘629 


026016 


OLS FIL 


OST‘IOL 


oee‘T19 


00&‘FZE 


008‘88¢ 


OOF 16F 





02066 


OSL‘0ZT 


009‘T0G 


00898 


0066 


oce‘6IT 


OGL‘TFI 


O¢s‘16 


008‘00T 


0°6 ‘SFI 


OStFIT 


OFS SIT 


000‘86 


000‘°F8 


00 69 


OGL‘SL 


5 IoqtaaAoN WIOg ‘ABpuns 
- JaquIoAoN 446s ‘Avpmngeg 
- - FOQUIOAON YI8g ‘AEprr sy 
- JOqUoAON 491% ‘Aepsanyy, 
TOTUOAG N 19S ‘Aepsoupo AA. 
- Fesiney N w9g@ ‘Avpsony, 
-  IOQWOAON YF] ‘AVPUOTAT 
- IaqulaAoN pags ‘Aepung 
- gaquisaon puzz ‘Aepangeg 
- IOQWOAON 9STZ ‘AVpiayT 
- JaquIaAoN Y{0% ‘Aepsimyy, 
IOQWIAON IGT ‘ABpsoups AA 
- doquiaaon yIgT ‘Aepsony, 
- JaqmeaonN YLT ‘Avpuopy 
-  JO(UIBAON WOT ‘ABpung 


- gJaqumoaon yyeT ‘Avpanqeg 


APPENDIX: 





“‘SINOY 


‘SMAV WAY 
‘OATINIISIOTD) 


e781 “MC 
TONUT x BU 
soul} fg 
popesdxa 
AOP SimMoy 
jo roquInNy 





| 
| 





over “MC 
TWWUNUALXBUL oq4 


' 


*sIm0T] SOUIT} 9o1y} 
pepessxe 931 
OATINIVISMOD | ALOT-W.1098 
ey} sInoy 
jo Joquiny 





-A[9aTyNoVsUON 


SUIyIOM Sem | ‘SUTYIOA 


MOPI9AO 944 a : > 
arnoy MOPIOAO SYUVWAY 


jo soquinu | sinoy [e4O], 
4soyRaly 





‘PANUYU0I—FOVMES ATAIISHTIOOV I 

















= Os6'eLr | OS6'CL - — roqmuvaqy IFT ‘Avpung 

nee 0e't89 00‘601 -  roquacacy WET ‘epangeg 
— OST'S¥S 0F8‘LS - — Toquuaoeqy YIst ‘Avpuyy 
= os0ee 002‘88 - gequaseg: WATT Aepsmyy, 
as 0Z8‘E8S 00886 - Ioquisoe(T_ WIT ‘Aepsoupe A 
= PHONE 006081 : roquiana(y 496 ‘Aepsony, 
Es 006'ZE8 ogessl - Jaquisoeqy 49g ‘Aepuoyy 
“ae 069°F69 008TIT - —- - Joquieseg, Wy4, ‘Aepung 
ze 068°FFL o¢s‘6IT -  daquieoeq 49g ‘Avpangeg 
= OST‘S6L OOF LZ1 - = doquiaoe] yg ‘Aupuy 
ra 000‘9L8 | Oss‘OFT «| - oquoesed 4p ‘Avpsinqy, 
= 009'860'T | 0g0°9LI - requissaq pg ‘Aepsoupo A, 
= 082‘EL3'T OSE'F0% - — Joquiesaqy pug ‘Kepsony 
aS 0009TT 002981 Jomuma09q 4s~T ‘Aepuoyy 

| “panunquoo—Zo6l 
2 | 
*soqouy ‘suoT[exy) | goof DIQNyD 
GRR PS Fa aks 
“Tresarey lyerchey9 


Jod oBseryostcp [VIO], 








119 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 











¥I 








mia 


icy 


rea 


a 


&1 











cF-0 


06-0 


O1-0 


¥0-0 


OT-0 


L0-0 


81-0 


LI-0 


Lz-0 


96-0 





00‘8F0'T 


O88‘TESL‘T 


O80 LL 


OL9'SFL 


06S‘E1S 


008 0ES 


000‘9#¢ 


o0s‘e¢9 


OSO'TIS 


OSL‘LI0T 


000°L86 


008‘EL8 


000‘T80‘T 


009'Sea‘T 


008‘F1¢'T 


08z‘O¢F'T 


006‘Z0L‘T 





000‘89T 


OSG*LLZ 


OOUFIT 


000‘6IT 


0896'S 


O61'88 


00¢°L8 


000°S0T 


096621 


OOT‘E9T 


OST OST 


000‘°OFT 


OSSELI 


006°00% 


00L‘O1S 


OOF'SES 


OPL'OLT 











- IaqmiadacT ISTE ‘ARpsoupo AA 


- raqmooeq WOE ‘Avpsony, 


- — laquiavaqy 4963 ‘Avpuoy, 


; Joquiosaq, y48% ‘Avpung 


Joqmoadeq, 91% ‘Aepimgeg 
- JIoquiss9(7 99% ‘ABPIIYT 
- requoeseq yye% ‘Avpsanyy, * 
- Taquiaseqy YF] ‘AVpsoupo A, 
- Jequiaoeq pigz ‘Avpsony, 
- - gaquieseq pugz ‘Avpuoyyy 
> Joquias.eq] 481z ‘Aepung 
- requieseq, 190% ‘Avpangeg 
- treed W46T ‘Avpiayy 
- Joquieceg IST ‘Aepsanqyy, 
- daquisoeq WILT ‘Avpsoupa AA 
- Joquioooqy YOT ‘AVpsony, 


- — daqtusseqT YET ‘Avpuoyy — 


APPENDIX: 


120 


























Avenue yypt ‘Aepasupe Ay 
Arenuve YET ‘Avpseny, 
Arenuee wyzr ‘Avpuopy 

- Arenuee yyT ‘Aepung 


Arenuer yO ‘Avepmgeg 








as 2 = 7 t FI 4 = Te: o006se'T | 009°%2 | - 
>= sas = oe a = s § eae 80- 000'88T'T | O0F‘06I - Arenuee 496 “Aepuyy 
ies y ms a ae me § ae L0- oot | oossec |- Arenuve yas ‘Aepsmuyy, 
Sor ca oe & é1 rd fo rae’ 69: OOO | oostes |- Axenuve yr, ‘Aepsoupo Ar 
— ae = = = = ah; <a = ate a. - «+ Arenuere WYI9 ‘Avpseny, 
pe ipa a & 6 tL ¥L SS OF. OOS‘LFL'T | 000°08% - - frenuve ye ‘Aevpuoyy 
— ae te ne = =I tied — oe: = cay - Arenuve yp ‘Avpung 
Riki po t I 1 al a ere 1 ooo'sce't | oos‘ztz |-  Axenuep prg ‘Avprmyeg 
A = Gy p> t 5 a aa 6L- OOS LEST | OOL‘96T - Arenuee pug ‘Aepuy 
aa oF, 5 a a ze = =o G0- 000°688 OSPF SPL Avenue qsq ‘Aupsinyy, 
| “SO6L 
{ ! 

{ ; 

| 0481 "MM “C. 5 an 

| OyVI AA * : ‘AT@ATINIOSMOD *soyouy SUOT[PY) Gooz OIQNy) 

coq | MBE | giao, [MRMERREL NE) Bupyom sea | Sapo | 
MES eae pepeddXxe 0j}81 ee AMOYLIAO | ‘SMUVAAY | aaa MLV (T 
VATZNOVSILOZ) AO sin0y 9ATINVVSUOT) cigs jo sequimu sinoy [BIO], “[peyurery 4 eats ¥G Sr 
; | BUOSL 
Jo roquINN | jo xoquiny. | ¢ qs070x8) rod oBrvyosiql [®IOI, 




















PaNnUuyUOI—BOVMAG CTATSaTOOV J 








121 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


























rt 


De 














¥I 














Ke 


02: 


008°960'T - 


OOF T6 











OOLGLI 


0S8‘0ST 








Arenuee ysTy ‘Avpmgyeg 
~ Arenuee yyV0¢ ‘Aepiuaygy 


Arenuep 446zZ ‘ABpsiny J, 


- Arenuepe 44gz ‘Aepsoupo AA 


Arenuee 441% ‘Avpseny, 
Axenurve 449% ‘Aepuopy 

- Arenuee 446g eh 
Arenuve WAFS ‘ABp.MgVg 

- Arenurpe pagz AVpLyy 
Arenure pugz ‘Aepsmy J, 
Arenuve 48Tz ‘Aepsoupa AA 
Arenuee 140% ‘Aepsony, 

- Avenue WET ‘Aepuoyy 

- Arenuee yST ‘Aepang 
: cent f WILT ‘Avpmjyeg 
Q Arenure yor ‘Avpig 


Arenuee yey ‘Avpsanqy,y, 


Cc? 


6220. 


APPENDIX : 





122 


ea Scie) L0- GOLF88 OcLTHE =f > Ateniqag apt ‘Avpanavy 
Bee ae > ses — - + Arenaqa,y uyer ‘Avpuy 


ee —— = — — . Arenaqe A W9sr ‘Avpsanyy, 











= —— oe — = - Areniqey yt ‘Avpsoupe AA 


oe pee Sees aes a2 -- - xreniqey YT ‘Avpsony, 





= ee = — — - - Aveniqey yg ‘Aepung 





i eat — = — - Areniqay yy ‘Avpimngeg 
‘fi big 0. 00F‘SEL 008‘81T - = Arenaqa,T wg “AepLyy 
a —— — = = -  Avenaqay qyg ‘Avpsang,L 


ee eS, = = — _- Arvniqag yyP ‘Avpsoupo Aa 





= vs a — == - Areniqa,y pag ‘Aepseay, 





— = ms a — = ~- — 0: 000°L00'T | ogse‘T9T - — Arenaqeg pug ‘Aepuoy, 
if , in. 
ome os — — = 2 § es OL. 009686 Ogg'sSI - = Arenaqayg ast ‘Aepung 


“panurquUoI—E G1 











— -. -- os — — — _ —- ¥I- 001206 =| osetret || - — Aaemaqog, 496 ‘Xepaoyy 

















Sg les Pou hos eel ee, 
i 














"O98 “MA oper “M “C | -kaarqnoestoa ‘soyouy ‘SUO[[VE) | “qooy OIQNO 
TWIT XRUt UINUTTXVUE O49 | Suro sea | “SuLyIOA 
‘sIn0y eet “sIMOY sourl9 8019 | oy19.A0 OF) : 
*‘SHUVWAY popeaaxe papesaxe 0781 SIn0Y i A.OPIAA0 SMUVAAY ‘TLV 
SA EP EuOO) “Mop amor, AR eeeueD pets aa jo soqiuno | sim0y [eO], eae ‘soy +Z | 
Jo 10q WU Ny jo x eae 4809 VOIg) eyared tod osreyostqy [240], | 
= — 











"PANUQWOI—TOV MAG CIALSHIOOV JL 


123 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 





ee ee ee ere eee 





nin 
es 


nia 
es 





nist 
Lama 





$I 





F0: 


90- 


Gl. 


Ié- 


&&- 


G0- 


VG: 





00FBS6 


006‘Z13'T 


008‘ 16F‘T 


000‘SEL‘T 


000‘0Z0‘T 


OOF F06 


000‘819 


000‘°8S1‘T 





009‘ZST 


OFS F6L 


090682 


OFL‘TSZ 


Ocr‘e9I 


006 ‘FFI 


00°66 


0S8‘S8T 





Areniqa,y 499% ‘Aepinjeg 

- Avenaqoa,T 41% ‘Aepiayy 
Areniqo,y 19g ‘Aepsanty J, 
Areniqa,y y3¢%] ‘AVpsoupo A 
Areniqe,y ype ‘Aepsony, 
Areniqoa,q prez ‘Aepuopy 
Areniqoay puzz ‘Aepung 
Areniqoag 981g ‘Aepangeg 

- Areniqay 440% ‘AVpiayy 


Areniqoy yet ‘Avpsamyy, 


- Areniqo,, qgt ‘Aepsoupos AA 


Avenaqo,, y9LT ‘Aepsony, 


Arenaqoayq yo ‘Aepuoyy 


. 
~ 


— 6925 


Areniqoy qyet ‘Avpung 


eee 


_ APPENDIX ¢: 


124 


~ tt a ¥ p —~ be fai oog'ee9'T | ooe'ez | -  ~ yoreyy yar ‘Aepmpsg 


we = = . _— — —- _ — oe - = Youre, IST ‘Aepsanyy, 


~ — a = = STE Z0- oosZe0'T | O0L‘S9T -  YOIRPL WITT ‘Aepsoupo Ah 


=F i — #1 £6 eS 03: — OSS'‘Sbs - - Yqorry WOT ‘Aevpsony, 
— — <a = if i pea, 20- 008‘808 009°62T - = yore 96 “Aepuo py 


eles ns Hts ae _— —— — _ _ . - - yoreyy 9g ‘ABpung 


_ -- “ 4 § = 80- 00S°SL6 oos‘9eT | - = yore 49Z ‘Aepamgeg 














oe re ot T ¥§ £P co 08: oosstet | oceoTe | - - Yue wet ‘Aepug 














MOP sanoqy by jo Jeq U1nLU simoy [#99], : z SsiToy #6 
22 EN jo aequmay | were TES) god oBaeyost( [e904 


oe nem — Sane = es _ — = sy yore 499 ‘Aepuygy 
ce a oy = = soi 80- oos‘s6e'T | oos'eze | - ~- yore yg ‘Avpsinqy, 
— = = od = ce FI- 009‘¢80‘T 060°LST ‘ yore WF ‘Aepsoupo A 
= = t sal §% = 9I- Wee 000‘8¢z - = yore pag “Aepsony, 
— — § ¢ §9 oe 8. ooo'eo9't | Oo6'9ca | - - yore pug ‘Kepuoy 
— I i 41 al aos ) 03: 00ZFL6 OOT‘9ST NS yoreyy ast ‘Avpung 

"S061 

‘ J 
| | 5 . 
. ars | 
‘981 “MA ‘CO nda da -A[PATINIESTOD *‘soqouy | “SUOTTeY) "qooy o1qna 
-amnoy UMUITXeUt sence aaa ae Suryiom sea | “SuryI0m 
‘SHUVWAY aS pepodoxe o1t1 a eae °43 | opreao *‘SHUVWAY as. “TLV 
BATFNVIEIOD pepeesxe DATINOVSUOL) MOP-WI09S a 











“‘PanueyquUod -HOVMES CATHIASATIOOV JL 


125 


ROYAL GOMMISSION ON SEWAGE DISPOSAL. 


= SL AIRE IE PY TAN REE I TL revarhne 












































3E 




















= 000‘E2L'T 
Cl. 009°SS6'T 
QI: — 
| 10- | 008‘T#0'T 








0S 08T 
006'zee 


008°S6T 


¢88‘0c1 


- yore iste ‘Avpsony, 
- Wore WOE “Aepuoy 
- yore yy 496% ‘Aepung 
- yore 498% ‘Aepmyeg 
-  Youeypy WIL; ‘Avpiryy 
- yore! yI9% ‘Avpsmy, 
yore 99s ‘Kepsoupo 
- Yoreyl 494s ‘Aepsony, 
- Yorepy prez ‘Avpuoyy 
- ore, puzz ‘Aepung 
- yore 4stz ‘Aepangeg 
~ yore, 906 ‘Aepray 
~ YolByy IST ‘Avpsany.y, 
yore yl UIST ‘Avpsoupa AA 
- Gorey WILT “Aepsony, 
- yorryy wag ‘Aepuoy_y 


- yore “yey ‘Aepung 











000‘09F‘E “UR Q'P—“UL'B O'S 80-0 a oa aa 0€ a ‘Ue O'S UL’ OSG | - : - Aepuow “s1s Aue 


000‘E9 TS “ULB ('L-"M"B QE |1Z-0—€6-0 ea lideh = = 17% "mS OSL We Og'e | - Aepsinyy, ‘q301 Apa 


‘ud g's—‘ur'd 9e'9 180-0 | ‘urd ep y—"ur'd ; 
00S‘LILF UR O'P—"ULR OL |ST-0--ZS-0 eo a a eg I OL Ue OE'E-"UL'R OSS] - - Kvpsoupor “7316 Apne 





APPENDIX 


*SUO|[B) ‘SUL ‘SIE | SULT “S.J ‘ZO6T 




















2 





; | ete é 
| ‘ud eT {T[-"w'd 
‘ud oT {-"ar'd QOL |80-0 0S'OT furd og g—urd 
000°868‘¢ ‘me (Q'9--"U'e 0% |TF-0—6¢-0 CGun «SG F GO 0O'9 Sure GEe'g-UIe ces] - Aepanyeg ‘499g Apne 


“9181 

TayyRem AIp eae eG 

*smnoy “‘qys1upiu 949 jo saydry (Fi aug hae 

: FS UL. *T[9} ures 04 ‘mOLIe.Mp “NU UT O4R : , “Ae, 
ri aate et posieqostp YOUAL U99A\Joq vINOTT qyStupryy, Sutpucdse1109 «| royyRvem Arp ee Mae ars omy, ayeq 
QUUNIOA [B4O, : [peyurery al} SOUITy ‘ hh 

RS BRON eory) eacqe ay} USYM Poliog 

MOB JO so9R:] 
\ Wo tes ees eee sell ae a ee 





SSeS ee ee 


‘duOOdUY YAIVM WHOLS WIVGHOOU 


CO) 
™ 


poner 


127 


SEWAGE DISPUSAT. 


ROYAL COMMISSION ON 





*SYIVUIOY 





006'990 € 
000 09¢'F 
000 TLZ‘E 
00g ‘sos’ 


000'F9S"E 


00000S‘9 


000°F86‘E 


000‘s8e"s 
00S ‘T8t‘F 


000‘TS6‘E 
*SuUO[[ex) 


*sIn0y 
¥G Ut 
posieyostp 
OUINIOA [B40], 








“UR OE 'G—"UL'R C'G 


“UR ('J—"UL'8 0'F 


*yqstupiu-—‘urd Q'g 


“ULB ('G—"UL'8 O°e 


‘poynqii4sip Iepurewme1 


é-on-d 0'oT-"twa'd 08 
6-m-d oF ud 0% 
§-U1°R 0'0I-' me 0°8 


"ULB ()°9-" ULB YG 


“‘qystuprar— ‘ord 0°01 
‘ WOOU-—"We"'e ()'8 


‘urd g'g—"u'd ("7 
£ -u-e OLR Ol 


‘Toy uTeI 


YOIA W9aA\Joq FINO 


§1-0 


“aDNBO 
Aq papsooa.t 
Lee ee ON 


€0-0 





F1-0 
G30 
F1-0—ZL-0 


61-0—GE-0 


80-0 


0€-0 
06-0—0E-0 








‘qystupru 
04 
qystapr 
: [reyurey 





| Cy = 





‘SUI “SIH 








‘mOlyemp 
Suipucdse1109 





"o1el 
Tayyeom Arp 
ay Jo sopdiy 
-[NUL UT 9481 
Jeqyvem Arp 
oY} SoulT} 
9014} 9A0ge 


MOR JO sozbY 


‘(panwijuo2)—GuOOdY VALVAA WHOLS ATVGHDOYy 








GG = 
Gis 
a T 
OG =s 
£ I 
O& 8 
oh G 
GY re 
Orit 
se OU 
‘su, “SLL 


‘oye IOYYVOM 
Arp 9y} seu 
9914} popedd 

“xO MOP Jo oqv1 

94} UsyM polleg 











“UL'G EG"G—"UL'R LE"G 
“UR OP L-n'e 


cPr9 Sus"R QEg'g-"t'e 
06h SUE Q [Ue OF ZT 


‘ud Og*TT-"ut'd 0g 01 


“UL'R QL 'G—"U'8 0S 'b 


‘UL'e CT 'J-"U'e 


| OF 9 SUL OF'g-“uL'e OBE 


‘ard ¢3 "OT 
—u'd. @g {umd oF, 
—u'd ogy {cmd og-9- 
‘ard ggg tad g°e-ta'd 
OST * U's OZ'OI-"a"'e 0°6 


OSL fue O¢-g-"ur-e 
Ol'9 Sure — og*g-"ur'e 
Q'g fue OG'Z-"WN-R CB's 


“U8 GP'G—"UL'R (IC 


td OS TI-"m'd OF'6 


‘urd eg-g—ur-d 
gg SU! GT F—"UL'e Ogg 


“ow, 




















' 





Awpung “y9ps ysnsny 
Aepinyeg ‘prez ysusny 
Aepiiy ‘puzg yansny 
Aepsouy, ‘YI6T ysusny 


Avpuoyy ‘yagt ysusny 


Aepung “YgLT ysusny 


Avpung ‘yj9] ysasny 


: 


Aeprig ‘47g ysusny 
Aepsoups A ‘499 ysnsSay 


Aepung ‘pig ysnsay 


“COST 


2qRq 
































00S‘SF8'F pe 0b as ne 0 - 
000's0rF "We OF FV 60-0 yee oe = 
| 
000‘L89'¢ ‘Ue O'S-FYSIUpPIW | = ¥G-0 oe ee = 
a 000‘F86'E ‘qystupra—ur'd Og OT GS-0) ay = a3 
= 
Z | 
fe | | 
2 | 
— 000%008'E rmd gTT-"wd (yy LG. oki n wae ag = 
sup TeD i | ‘SUIT, “SIH 
| | } 
"07e1 
qoyyeom AIp 
*smoy “‘qUSTUprul a9 Jo soda 
; ul "T19} ures 0} “mOTIBANp ~[NU UT O4RI 
cot Soot pesieyostp YO U99A\Joq SINOFT qyustupryl Sutpucdso1.09 reyyevem Arp 
OUINIOA [BIO T, 2 [Teyurey ey} soulty 
soy} eAoge 
| MOF JO soqey 
| 
i ee - 
‘(panuiuos)—a4oody UALVA, WHOLS A1VaHOOY 
a 
N 


1 





eee 
cee i 
ae ae 
o¢ 1 
Gg 

SUN, “SITT 






‘ayel IOqIVOM 

Arp 0y} sour 

e914} pepedd 
-xo9 MOP JO 071 
oy} WoyM powwed 








OSH SUL OP'E—“ULe OE 
“UR OF G-W'R 0B"F 


“Ue 65 "C— 
‘US OG Ps Ul'e Q’E—"UL"e 


| OG'T “We OF GIA Sup 


‘qystupru—ur'd Og’0T 


‘urd gp ot-"w'd 


Of'OL ‘urd gg’g-"u'd 


ou, 





| 06°6 ‘urd Qg'g—"ar'd OS's 


Avpsony, ‘pigz roquisideg 


Aepsoupe wy ‘UL, soquuoydag 


Avpsony, ‘YIgT doquieqdag 


Avpuoy, ‘UIST roquioydog 


Aepsony, ‘pug .eqtueydag 


“CUGL 


nn ee eee 


07eT 


tee Se Se ee et 


129 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


. 


qoyyvea. Arp asvroae oy sown $z 


= 4eqyno 4e podaAtfop 





‘urd [ ‘opdures 107eM wWHI07g 


“WYIVULIT 


000'9BS‘9 — 
000°ZS0°L, a es 
009°LOSF pe 
asnes 
m0 pop10da.4 
000SS0‘L aie [feyarer ON 
*IO.LVYOSTP 
SUINJOA [BIOT, 000 ‘OFFS "UL'e OE OI" Ue OY 'ZI ZO 
000°6L8°E yqstaprua—we-d Og*s ST-0 
000‘S99*F “Ue QF Ue O'E LT-0 
(poqgnqr14stp) 
‘ud OTT pue ‘urd 0g 
me9A4oq [[e} JepureaL 
000° ZFS -or Sud got-"a'd O'L IST-0O—L¢-0 
*sUOT[eY) 
a5 J 
SP OE rm ee eh ole ee ee Se 
| 
*sImoy ‘qu STuprut 
¥G Ul “TleF Urer 0} 
pose qostp YOU WdeMJaq saNO}FT qystupryy 
| OUUNTOA [eqOT, > [Teyurersy 
| 
| 
J 








‘(panwjuos)—CGNOOay AALV AA WHOLY ATVAGHOOY 





‘SUI ‘SIFT 


“mOT}e.INp 


Sutpucdso1109 ° 











"2181 
qayqyeaa Arp 
ayy jo sopdry 
-[NUL UT 04RI 
qoyyeom AIp 
ory} sotuTy 
90I1Y} dA0gR 
AMOFf JO 899k] 











| 
| 


| 





OF o¢ 
og og 
Vo 
OF G 
6e: oe 
ae ke 
uh oa 
Ole Ba 

SUI “STH 


‘oyBI IOYIBIM 
Arp oyj saw 
vaiq} pepedd 


-XO ALOT] JO 0781 
ay} Wy polled 








TU'e OL Fue 
OS § We OS T-FqStUpIy 


‘tad OT OF [-‘u'd 


OFS SUR OE-FYSTUPTAL | 


qystupr— ‘md OF TT 


“Ue OF'G-JYSIUpIPL | 


‘urd GT ‘Q{T—"t'd 
UL’? OS'9—“UN'e ('T 


qystupiur"urd (—'OT 





“UL'R OCP "OLR ()'F 


"mr'd 9% 'G—"ar-d OE"s 


“OUT T, 


- Lepiag WILT 1040990 


-kepsmyy, TIT 1040990 


Aepsoupo A ‘YIGT 19q0990 


Aepsouy, “TIFT 1040990 


Aepuoyy “qa€1 1940990 


Aepung ‘ZT 1040490 


- — AVpLT YIOT 10q099G 


- Avpsmy, “796 1040990 


og | 


EE a 
ee eee 


a 


622. 


000'TS6‘E 


009°686% 


000‘08¢'¢ 


APPENDIX 


OU0'89%‘G- 





O00 TSE F 


S UI 





——_—___.. 


130 


: pesieyqostp 
OUNIOA [RIOT, 





' OE'E—"U'e O'Z 


‘urd g:e-"u'e O1L 


UB O'J-"Ur'e Ge 


"Ue OSTT-"Ur'e 0'9 





UW's OE pure WYystuplyy 





"T[9} Urer 
YOM Wesajoq sunoyy 


90°0 


90-0 


L0- 0 


asnes 
Aq peproser 
[eyaret. ON 





“‘qqotu pra 


0} 
wysTUpry 
 yreyarey 





‘mOTyVINp 


Sutpucdsa1109 


eae Le. 


"qv 
Tayyeaa Ap 
ayy Jo sod 
-[NU UI o4eI 
Joyyeom Arp 

oy} seuiry 
e01q} 9A0qe 
AO JO 8978 








Sg 3; 
OL € 
0G = 
0€ F 
GG € 


‘Oye Teqyeoa 
Arp 9y} sewTy 
vey} pepedo 

“XO MOT JO o7e1 

oy} Udy polled 





*(panuyuoo)—Cuooay UALVAA WUOLY AIVAHOO'Y 


a anemone 





“OB GT "E-"Ul"k 0Z'S 


"WL" ("4 -"UL'B (GE 


"UR OPE "ULE 0G'E 


“UR OFLU" OTE | 


‘U'e GF'g—"UL'e 
OG°G £ "UL OS*g-"UL'R YC'F 


WLR OE 'G—"UL'R OF" 


‘Ot, 











-Avpsingy, “YI0E 1040700 
- Kepung 499% 10q0900 
- Auprngeg ‘49¢g 1eqG0900 
Avpsoupe Ay ‘puzz 19q0700, 
Aepuoyy ‘q4N% 10q040() 


- Lepingey ‘yAgl 19q0 400) 


Ss 


“048d 


<5 5 aac 


131 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


“SHACUINI 

















000‘GF‘S 


00¢°969°¢ 


000‘OLL‘F 


000°GFS'E 
"SMOT[VS) 


*sm0q 
FG Ul 


posieyostp 
OUUNIOA [RIO T, 








“wd g'g-ua'd 0&8’ 
‘ud Og’g pur 
‘utd Q' W99A40q [[9} ITV 


Oe be O— "Ul Ce). Fi 


‘ad o'g—‘u'd OT 


‘ard Og TT-"a'd OTT 
‘und Q¢'T-m0ON 


‘T[9} ures 


YOIYA usdajeq soy 


02-0 


08-0 


60-0 


V1-0-—¥6-0 


10-0 
TE-0—9F-0 





‘qoTuprau 
0} 
qystapryl 
 [reyurey 


‘(panu1jzUuoo)—auoody YHLVAA WAOLY AIVAHOOY 








0G =a 


CF a 


wl 


‘SUI, ‘SIT 


“mOTIVINp 
Sutpucdsa1109 











a7el 

rayyeoa Arp 
oy} Jo sordiy 
-[MUE UT 99R1 
reqyeea Arp 

oy} SOUT, 

e014} VA0ge 
AOP JO sa4eyy 











OG T 
o¢ I 
0G G 
oF jG 
‘Sa, “SIFT 


‘OYOI IDYYVOM 

Arp 9y} sow 

9014} popedd 
“xo MOT JO 071 
oy} WOM polleg 





vad 06's 
~mud og", £ “wd og") 
‘urd OTL § ‘urd g-"ur'd ¢ 


‘OL’? OF'G-"WU'e 
0's {ue Ol’ g-"ur'e 
OLS | WR O TUR OG'ST 


‘ard QT ‘OT-‘w'd 
0¢'6 furd o'g—u'd OT 


qystupiu—" end 
OTT ‘aud et 'g-"ua'd Og ZT 








Aepuoyl ‘i[IF#Z 19qwWeAoN 


Aepuoyl ‘YIOT TeqtMaAoKy 
- Aepung “796 Ioquaaony 


Awpinjeyg ‘y4g IequIeAoN 
“CO6T 





“OUULT, 


R 


6225 


4PPENDIX 


132 


ae SSS Se 


‘asreyo 
“SIp deyyvem Arp osv19av oy} souity 
EG=[[VJJNO JV peloatjap ouUINjoA [eqIO], 


000008‘ 
000°T6F‘S 
000°106‘F 
00S°86‘E 
000°SF9‘S 


00S°ELS‘S 


000OTT'S 





00S°919'E 


000‘810‘6 


000°6S6F 


000‘8g¢‘g 


000°G99 


‘SUOTTR 


‘ud g 
—W'e g WOLF poynqiystq 


“UL ('G—"U'R 0° 
f UL"8 OS T-FyStUpT 


‘qystapru—wi-d gor 


‘tu'd 9'6—"ur'd 9°9 


‘HB (OMB 0% 


‘UB (GUS CT 





"S| AIVULOY 





*sIn0Y 
¥G UW 
pesieyostp 
OUINOA [BIO], | 


‘adnes 
Aq popi10o0e.4 
TPs. ON 


16:0 


F0-0 
60-0—€L-0 





80-0 


L0-0 


“c ce 


‘oones 





Aq poptodsa.t 
Treyarer ON 


69-0—G8-0 


&6-0—82-0 


aones 
Aq poeprtooer 
[reyuret 








TF Urer 
YoIqa WoesAijoq samoj;y 


‘qystapran 
04 
qystapryl 
 yreyarey 





ON’ 





0g G 
ST Cl 
7 
OS in 
‘SUI, «= ‘SIFT 
“uoT}VIMp 
Surpucdse.109 











OVI 
Toyyvem ALIp 
ayy Jo sefdiy 
-[RU UT 09BI 
Jeyyeoam AIp 

oy seuury 
- 881T[} BAOGB 
MOT] JO soqeyy 





! 


Of? 8 
eae | 
% &g 
OV — 
05 9B 
or of 
0g 
Oger <6 
eee 
op ot 
GI I 
‘SUI, ‘SIE 


OYVI IoqyVoM 

Arp oy} seu 

9014} popsdd 
“XO MOT JO o7VI 
oy} WOYA porloeg 





*(panuiquos)—A4OOAY UALVA WUOLY ATVYAHOOY 


"TUL'B O'{-"Ur'e 
og’9 fcure [-WYyS Uppy 
‘urd o*g—"ur'd (9° 


ree: CP'g- "ure 
0S'g fUL'R OS 'Z-IyStUpTyYy 


‘qystupru— ‘urd GT TT 
‘ud OP 6 ua'd 0°6 


“UL OF E-"U'B 0G°G 


“UL’s OT '§-"UL'e 
OFS ‘U's OF'Q-"U'e Q'9 


‘ard op t{-‘w'd 
OG OL **w'B OT Q-"U'w OG"E 


‘ard eT ‘z-"ur'd 
GUT fare gg [[-“wm'e 
OL £ ‘ULR OE'Q-"W'e YES 

‘uu 0G ‘e-"uu'd 


03'S * Ure QzZ'g-"wU'e 
O'S UL’ GT'Z-*w'S NZS 


UR ()'Q—"U"B 0B "F 


qystuptu-— ‘ud GPpOT 





‘oul, 








Aepsony, ‘WIE Lequisveq 
Aepuoy ‘496g teqmaseq 
- Aepung ‘Ygsy teqwuedeqy 
Avpanyeg ‘441% 1oqwie0eq, 


Avpsanqy, ‘49g¢g toqmeseqy 


- Avpuy ‘TYG roqureoveqy 


Avpsinyy, ‘Y9gT taquieoeqy 


Aepsoupe Ay “WIL 1equioeq 


Avpsony, ‘YI tequiaveg 


Avpuof ‘AGT 1aqmeoeg. 


AupsaupaM “pig aq uie0e gy 


- AVpuoy, “4ST toquudoeqy 
~ 
‘COGT 





“OVE(Y 


133 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 





. 


“Y9LS WO 
‘urd g 07 499% wo ‘urd OT wroIy TIOF Urey 


‘td OLE 
“ud g ‘moou ZT waxe7 sopdurys 1aq9VM 
ULIOJG ‘adTVISIP “AA ‘(] 9OVIVAV SOUITY 


Sg=][VjNo Ye poTaljop ouUMyTOA [RIOT, 


SHIVUIIY 


ey pe es oer 





| 
| 











| 


















































| 
009‘SE0 S "W'S CT F-IYSIUPT, |8Z-0O—ZE-0 Sethe ee Pree Sf ere | “UL® CF f-FYStapry, - Avpsony, ‘471g Arenuee 
008'S28‘F ‘ard gy-"t'd 0g 61-0 meee va = cP T ‘urd eF'g—"ur'd 0'¢ Aepsmyy, ‘pugz Arenuve 
Ore at b te 
‘ud ge 'F-‘w'd Og'e |c0.0 Cr a G ‘wud g*e-"ur'd ; 
000‘LLEF Sucre O'T-IqSUprpy |£0-0—ST-0 Coir, aes 9 0g Z@ OF SUR Og T-IYStUpIy - Avpanqeg “qo, Avenuer 
wd gg '‘oT-‘u'd 0€°6 j0T-0 “quotupror—"urd ; 
000°E9T'E sure T[—“W'e O€'6 (60-0—61-0 06 “se v Or & 06°6 Sud Q*T-"ur'd Og ‘ST -  Leprayq “496 Arvenuee 
00¢ LOS'F ‘urd ge‘ot-‘urd 0°), OT-0 = a > 0€ T ‘urd OF TI" OTOL - Avpsinyy, “q7g Arenure 
‘ud g'9-‘w'd 0'F |ET.0 ‘urd oF 'g-‘at'd 
o00‘eerF fume OY We 0'9 |ET.0—9Z-0 = = = 0g @ 0G'b * “W'e OF'L-“UL'B Og'9 Avpsoupe A “yy, Avenues 
‘ud O° TT-‘urd 
000°699'¢ “ud g‘oT—"ut'd 0¢°6 190.0—80-0 = = — CH T CLOL {Ure O° L-9ystupryy - Avpsony, W9 Arenuve 
UE v wad 
‘urd gt t—"w'd g's |eT.o Or G G SU'T1 wd 06 Ud OP'S : i 
0000¢9'8 ‘ud oF u'e 0°6 [9e.0—L9-0 G I 9 CF iE —urd 9g" furd Q["G-wo0 Ny - Avpuop, ‘qy9¢ Arenure 
000°8SF'E UL" OF 'G—"W'R (8 $0-0 a a= =; = T “ULB OE "G-"AL"’ O'S - Avpung “yF Arenuee 
NN0ZICE avo y-wege | > ZL.0 te I Fp OL =. % "Ul'R 0G 'J-"U'B OLS - Avpinqeg ‘pag Arenue pe 
“ae Og" L-"W'B YE"9 : 
000'866'F “Ul'R Q'G-"W'B CL, |OT-O—TZ-0 ee re 06 I Ue OP SI- “WB OSS -  Avpiayy ‘pug Arenuve 
0009622 ‘urd og*[{-‘w'd 0¢'¢ 10-0 a ect — 0g — ‘urd oz’ TT-"w'd 0g OT - Avpsmyy ist Arenuere 
“BUOT] BS) ‘SUIT «SITET ‘SUITE “SAY “S061 
a1BI | 
tayyeas Ap Sing aoe 
‘smnoy “9qs1apraa ou Jo sort} | rh ayy wowrta | 
¥ UT "T[9} ures 0} Nips faba “[aUr UT Ofer | ” sarqy popodd “OULY, ila ¢ 
posavyostp YOIAL US9A\40q SINOFT VYSTUpIyAL Ssutpucdser109 qoyyeoa, Arp | 4 MO FO oqes : 
2 |TByUrery oy} Sout} © | 


| 
| OUNAA TRIO, 
| 





sary} oaoge | Olt HOU poled | 


- | ; MO JO 899BIYy | i 


‘(panwyuoe)—Guooay ALVA WHOLS AIVaHOOy ‘ 


Pi acne a aD lie el Een” ee orcas eae Samigiclaci Rovere 





a ni te ee ee et on ee em 
































000°61T‘E "UL"? C'S-F4 SU pI, 60-0 -_- — — Ti es 
re _ ‘wed og'p-"at'd OF [OT-0 
000 G80's * ULE O°9-FUSIUPI |ST-0—83-0 ae _ OL er 
nae ‘wid 9'g-"urd 0g"f, |Gt.0 
000‘9F6'F ‘vunrd Q*f-"ur'd 0° [03-0—14-0 en = 0g 
‘urd g'g-‘ar'd gz, | LT.0 
000‘¢r8¢ Ue OS'TI-"Ur'e O'9 | GE.0—ZI.0 — = — 0g 
a 
a ‘aones 
e Aq pop10se1 
By 006F83'E + Treyurer on = = = Of eee 
000'866'F “Ore ()'L—"UL'@ Cf 6L-O cP = v GT & 
“SUO]Te ‘SUT, “SARL ‘SUT, “SAT 
"2981 





ogc ‘qysrapra 944 Jo sodry pac Sia ace 
‘SyTVULOY ye Ut TI9Z Urer 0} “weTyeBMp ~[NUE UT 09B.1 Arp ey} sour 
pesaeyostp Yor ude jo sMoT, VY stUpIyy Surpucdse1109 rayyeom £Ip 9014} pepesdd 


Toy}eom Arp 


eo1y aaoqe | OU? WU ported 


| MOT! JO $99Bx7 
} 

















*(panu2uo0)—auOory YUILVA WYOLY ATVAGHOO'Y 


134 


ee (rent tri yet ttt etre eek snes teni tmnt nit i bent ac stat Si tienen sates im 


a 


“UL"e OS 'SI-FYStUply 


"W'R Q'E—" ULB 0Z'Z 
fume OS GT — FY STUpIL 


qysrupia "ord Qe 'T] 


ua'd 0'6- "tad 
OL HU Og 'g-"U'e OF'9 


WLR OG "E-"UH"R OE 


UL" ('L-"U'e GRE 


‘OULT, 


7—_—_—_—_—_— 


ee 





Avpsmyy, ‘yj9g Arenaqey 
Avpsoupa ‘W9¢% Arenaqeg 
-kepson y, ‘yiy7% Aveniqeg 
- kepung ‘pug Areniqayq 


- AvBprag ‘yIOS] Avenaqe,7 


Aepuoy ‘96 Avenaqoa,y 
“S061 





‘oqeq 


en Al et lt A AO tt ll 


ee 


135 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


“GIET Wo 4FySTUpTU oj ‘urd O'9 Ure Og.0 


*SYIVUIY 








009 1Fz°e 


000‘010‘F 
*‘SUOT[V) 





*SIN0q 
ye ut 
posieyostp 
QUINOA [e40], 





"UL'e ()'OT—"W'e O'¢ 
U's O'C-‘m'e OT 


‘ul'd ‘O'IT-"u'd 0's 
Sure OP ~IYSUpiy 


TIS$ Wrest 
TOM Wee Jeq SINOF 





OL-0 
S6-0—GE-0 


&1-0 
GT-0—€2-0 





‘qySrUptor 
04 


qyStUpry 
> [[eyarey 





‘SUT «= ‘SIFT 


‘moT}e.Inp 
Sutpuodsar109 





‘(panuazuos)—aqNooay ATLV AA WYOLY TIVAHOOY 


= 


"oyer 
Joyyeom Ap 
99 Jo soydrq 
JNM ut oyeI 
JoyyeaM Arp 

ot} soully 
9914} VA0Ge 
MOT] JO soqey 





GE = 


‘SUIT, «= SAT 


"oYVI TOYO 

Arp 9y} sourry 
sey} papedd 

-X9 MOT] JO 09VI 


oy} UST porteg 








“UL'G OG'C-"UL'S YLT 


“U'e CLF 'U'S OF'E 


‘ow, 





Aepsoups ‘IST yore 


- Aepmgeg “yg yoreyy 
E061 





“Oye 





136 


APPENDIX : 


pete ec me A ES a A 





Date, 


1901. 
July 2ist, Sunday - - 


July 25th, Thursday — - - | 


July 26th, Friday . 


July 28th, Sunday - 





TABLE B (1). 


STOCKPORT STORM WATER RECORD. 








Dilution : 
Times the 
Hour. dry 
weather 
flow. 
ee 
| 
- | 6.0 p.m.-9.0 p.m. 5 
3.0 a.m.—6.0 a.m. 4 
6.0 p.m.-9.0. p.m. 3 
9.0 p.m.—midnight. 54 
Midnight-3.0 a.m. 34 
3.0 a.m.—6 a.m. 43 
Midnight-3.0 a.m. 4} 
3.0 a.m.—6.0 a.m. 3 
6.0 a.m.—9.0 a.m. 3 








Total 
rainfall 
in 


24 hours. 


Inches. 


1 1°05 


0°16 


0°22 














Total 
volume of 
sewage and 





storm water Remarks. 
delivered at 
outfall in 
24 hours. 
3,425,000 
6,738,000 | Total volume delivered 
at outfall = 23 times 
average dry weather 
discharge. 
5,865,000 
4,225,000 
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STOCKPORT STORM WATER RECORD—(continued). 





| | Total | 














Dilution: | Total volume of 
Times the | rainfall | sewage and % 
Date, Hour. dr in storm water Remarks. 
weather 24 hours. | delivered at 
flow. Inches. outfall in | 
24 hours. 
1901. ° 
August 26th, Monday - - | Midnight -3.0 a.m. 4 0°50 3,662,500 | Storm water samples 
5.0 p.m.~-9.0 p.m. 43 taken at 5 p.m.,6 p.m. 
and 7 p.m 
August 31st, Saturday - = - | Midnight-3.0 a.m. 3 0-09 3,093,900 
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Srockport StoRM WATER RECORD—(continued). 


EEE aad 
; | 


Total 
i; Dilution : Total volume of 
Times the rainfall | sewage and 
Date, Hour. dr in storm water Remarks, 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours. 
1 aT SS SR TB De ARR ES 
1901. | » 
September 8th, Sunday - | 6.0 a.m.—9.0 a.m. 6 0:09 2,943,700 
September 17th, Tuesday | 9.0 p.m.-midnight. 4 0°12 4,125 000 
September 20th, Friday - 9.0 p.m.—midnight. 5 0:24 3,350,000 
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STocKPorT STORM WATER RECORD—(continwed). 
SS SS NS LS SP TT A I I SE EE EE ET STE TY 














Total 
Dilution : Total volume of 
Times the rainfall | sewage and 4 
. Date. Hour. igh) ary in __| storm water Remarks. 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours. 
1 
190!. 
October Ist, Tuesday - - | 9.0 a,m,—noon, 3 | 0°04 2,631,300 
October 2nd, Wednesday = | Midnight-3.0 a.m. 4 Par. Od 2,450,000 
October 3rd, Thursday - - | 9.0 p.m.—midnight. 3 | 0°04 2,994,000 
October 4th, Friday - - | Midnight-3.0 a.m. 4 0°33 4,200,500 
3.0 a.m.-to 6.0 a.m. 3 
October 6th, Sunday - ~-! 6.0a.m.-9.0 a.m. 10 055 | 3,912,800 | 
6.0 a.m.—noon. 33 
October 8th, Tuesday - ea) 60 p.m.-9,0 p.m. 34 0°49 4,731,400 
9.0 p.m.-midnight. 43 
6.0 p.m.-midnight. 4 ba 
October 9th, Wednesday - | 3.0 a.m.-6.0 a.m. 3 | 0°15 5,007,000 
| 6.0a.m.-9.0 a.m. - 3 Py 
9.0 a.m—noon. o 
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Se  ————————————————————————— 


STOcKPoRT STORM WATER RECORD—(continued). 
EE a 

















Total 
Dilution : Total volume of 
e Times the rainfall | aewage and 
Date. Hour. dr in storm water Remarks, 
weather 24 hours. | delivered at : 
flow. Inches. outfall in 
24 hours. 
| : | nn ree 
1901. 
November 10th, Sunday - | 9.0 p.m.-midnight. 34 0°01 2,431,300 
November llth Monday - | Midnight-3.0 a.m. 5 0°25 5,700,000 
6.0 p.m.—9.0 p.m. 4 
9.0 p.m.-midnight. 6 
| 6.9 p.m.-midnight. 4h | 
November 12th, Tuesday - — -- 1°67 6,013,000 | Beyond this river filled 
sewer, unable to pump 
. _ for 8 hours. 
November 18th, Monday - | 6.0 p.m.-9.0 p.m. | 3 0°16 4,150,000 
9.0 p.m.-midnight. | 6 
| 
November 19th, Tuesday - | Midnight-3.0 a.m. 5 0°31 5,900,000 | ~ 
November 20th, Wednesday - | 9.0 a.m.—noon. 3 0°47 5,912,500 
9.0 p.m.-midnight. | 4 
November 21st, Thursday - | Midnight-3.0 a.m. 4 0:29 6,457,000 | Total volume of sewage 
6.0 a.m.—9.0 a.m. 3 and storm water de- . 
' 6.0 p.m.—9.0 p.m. 3h 5 livered at outfall=24 
9.0 p.m.-midnight. 34 | | times average dry 
weather discharge. 
November 22nd, Friday - - | Midnight-3.0 a.m. 4 | 0:03 6,407,000 Total volume delivered 
| 3.0 a.m.-6.0 a.m. 3 at outfall=2} times 
| 6.0 a.m.-9.0 a.m. 3 average dry weather 
| 6.0 a.m.—noon. 3 discharge. 























1901. 
December 7th, Saturday 


December 8th, Sunday - 


December 9th Monday - 


December 10th, Tuesday 


December 11th, Wednesday 


December 12th, Thursday 


December 13th, Friday - 


December 17th, Tuesday 
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| 
| 
Date, | Hour. 


6.0 a.m.-9.0 a.m. 
9.0 p.m-—midnight. 


Midnight-3.0 a.m. 
3.0 a.m.-6.0 a.m. 
6.0 a.m.—9.0 a.m. 
Midnight-noon. 


6.0 a.m.-9.0 a.m. 
Noon-3.0 p.m. 

6.0 a.m.-3.0 p.m. 
6.0 a.m.-midnight, 
9.0 p.m.-midnight. 


Midnight-3.0 a.m. 
3.0 a.m.-6.0 a.m. 
6 p.m.—9 p.m, 

9 p.m.—midnight. 


Midnight-3.0 a.m. 
3.0 a.m.-6.0 a.m 


6.0 p.m.-9.0 p.m. 
9.0 p.m.-midnight. 
3.0 p.m.—midnight. 


Midnight-3.0 a.m. 
Noon-3.0 p.m. 
9.0 p.m.-midnight. 


9.0 p.m.-midnight. 








Dilution : 
Times the 
d 


ry 
weather 
flow. 


a 
we 


ou 


> 


wow 
bl 


> ew WwW 


aN 











Total 
rainfall 


in 


24 hours. 
Inches. 


“22 


Oe 


0:23 


0°17 


0°10 


0°34 


0°06 


0:10 


Total 
volume of 
sewage and 
storm water 
delivered at 
outfall in 
24 hours. 


3,768,700 


4,225,000 


5,581,500 


6,844,500 


5,869,000 





6,256,700 


6,830,000 





4,717 800 





Remarks. 





| 


River backed up into 
sewer and _ stopped 
pumping. 





Total volume discharged 
at outfall=23 times 
average dry weather 
discharge. 


| Total volume discharged 
| at outfall=22 times 
average dry weather 
discharge. 
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STOCKPORT STORM WATER RECORD—(continued). 


SE TE I ES DT SE ER SR TR 


Date. 


1902. 


January 29th, Wednesday 


| 
| 


Hour. 


a Midnight-3.0 a.m. 





Total 

Dilution : Total volume of 

Times the rainfall | sewage and 
dry in storm water Remarks, 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours. | 
3 0-01 4,687,500 
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STOCKPORT STORM WATER RECORD—(contwued). 





| Total | 























Dilution : Total volume of 
Times the rainfall | sewage and 
Date, Hour. dry in storm water Remarks, 
weather 24 hours. | delivered at 
i flow. Inches. outfall in 
| 24 hours. 
1902. | 
February 8th, Saturday - | 9 p.m.-midnight. | 3 (0°10 3,225,000 
; i 
February 22nd, Saturday - | 9 p.m.-midnight. 3 None. 3,868,700 
j 
February 23rd,Sunday - | Midnight-3.0 a.m. 3 0:07 3,749,800 
| 3.0 a m.-9.0 a.m, 3 
February 24th, Monday - | Noon-midnight. 3 0:27 5,312,400 
6.0 p.m.-9.0 p.m. 4& 
February 25th, Tuesday - | 9.0 p.m.-midnight. 3 0°02 4,699,500 | 
| 
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Stockport STORM WATER RECORD—(continued). 





Total 


Dilution : Total volume of 


Times the rainfall | sewage and 

















Date, Hour. in storm water 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours, 
1902. | 
March 8th, Saturday - - | 9.0 p.m.—midnight 4h 0°15 4,031,000 
March 9th, Sunday~—- - | 9.0 p.m.—midnight. 3 0°05 3,400,000 
March 10th, Monday - 6.0 a.m.-9.0 a.m. 44 Ol] | 3,950,000 
March 14th, Friday | 9.0 p.m.-midnight. 54 0:10 4 012,400 
March 24th, Monday - - | Midnight-3.0a m. 3 "0712 4,625,000 
March 25th, Tuesday - - | Midnight-3.0 a.m. 44 0°10 4,581,100 
March 26th, Wednesday - | 9.0 p.m.-midnight. 4 0°14 4,556,000 
March 27th, Thursday - - | 6.0am.-9.0am. 3h 010 4,656,000 
March 31st, Monday - - | Midnight-3.0 a.m. 3 0:09 3,987,900 
3,0 a.m.—6.0 a.m. + 
9.0 p.m.-midnight. 3 
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Stockport STORM WATER RECORD—(continued). 












Total 


Dilution : Total volume of 
Times the rainfall | sewage and 
Date, dry in storm water Remarks. 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours. 


















1902. | 
April Ist, Tuesday - | Midnight-3.0 a.m. 3 0:10 4,250,200 
6.0 a.m.—9.0 a.m, 3 
April 3rd, Thursday - - | 6.0 p.m.-9.0 p.m. 34 0°15 4,281,100 
April 4th, Friday - - 3.0 a.m.-6.0 a.m. 4 0°12 5,263,000 
6.0. a.m.—-9.0 a.m, 34 
April 5th, Saturday” - -. | 6.0 a.m.—noon. 34 0°38 6,068,200 | Total volume delivered 
noon-3.0 p.m. | 3 | at outfall=2s times 
6.0 p.m.-9.0 p.m. 34 average dry weather 
9.0 p.m.— midnight. 3 flow. 
April 6th, Sunday : - | 6,0-a.m.—9.0 a.m. 3 None. 3,375,000 | 
9.0 p.m.—midnight. 3 
April 7th, Monday~ - - | 6.0 a.m.-9.0 a.m. | 3 | None, |_| 3,519,000 
April 13th,Sunday - - | Midnight-3,0a.m. ~ 34 0-13 3,187,800 
| 
April 15th, Tuesday - - | 6.0 p.m,-9.0 p.m. 4 | 0°45 | 5,956,000 
9.0 p.m.—midnight, 5 
April 16th, Wednesday - | 9.0 p.m.-midnight. 3 0-06 3,931,100 | 
April 20th, Sunday 6.0 p.m.-9,0 p.m. 5S 0-19 3,537,400 
| | | 
| | | 
April 22nd, Tuesday | Midnight-3.0 a.m. | 3 0-08 4,156,500 
| | 
April 30th, Wednesday - 9.0 p.m.-midnight. 4 | O-ll 3,156,500 | 
| | 
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a ET 


SrockporT STORM WATER RECORD—(continued). 
ee er Ee ERE ST LT TE ES 

















| | Total 
Dilution : Total volume of 
Times the rainfall | sewage and 
Date. | Hour. dry in storm water Remarks. 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours. 
ie: | : 
1902. 
May 3rd, Saturday - - | 3.0 a.m.-6.0 a.m. 3 0°36 3,575,000 
6.0 p.m.—9.0 p.m. 4 
May 4th, Sunday - 3.0 a.m.-6.0 a.m. 34 0:07 3,025,000 
May 5th, Monday - Midnight-3.0 a.m. 3 0:10 | 3,256,000 
6.0 a.m.-9.0 a.m. 3 
May 6th, Tuesday - | 6.0 p.m.-9.0 p.m. 4 0:06 3,475,000 
May 15th, Thursday - - | 6.0 p.m.-9.0 p.m. 34 0°35 4,400,000 
9.0 p.m.-midnight. 54 
May 16th, Friday - - | 6.0 p.m.-9.0 p.m. 33 0°20 4,812,500 
May 17th, Saturday - - | 6.0 p.m.-9.0 p.m. 3 0:43 4,369,000 
9.0 p.m.-midnight. 
May 18th, Sunday- -  - | Midnight-9.0 a.m. Bh 0-12 4,681,000 
May 19th, Monday - - | 9.0 p.m.-midnight. 34 None. 3,975,000 
May 22nd, Thursday - - | 6.0 p.m.-9.0 p.m. 4 None. 6,237,000 
| 9.0 p.m.-midnight. 53 
May 23rd, Friday - + + | Midnight-3.0 a.m. 3h 0°40 4,312,300 
| 
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STocKPorT STORM WATER RECORD—(continued). 





| Total 
Dilution : Total volume of 
Times the rainfall | sewage and 
Hour. dry in storm water Kemarks. 
| weather 24 hours. | delivered at 
: flow. Inches. outfall in 
| 24 hours. 





June 5th, Thursday 9.0 p.m.-midnight. 34 0°08 3,106,100 


9.0.a.m.—noon. 3F 0:19 4 825,000 
6.0 p.m.-9.0 p.m. 


June 7th, Saturday 


or 


3.0 a.m.-6.0 a.m. 4 0:10 3,343,800 


1902, | 
June Ist, Sunday 's sn - | 3.0 a.m.-6.0 a.m. 3 0:05 2,625,000 
June 17th, Tuesday - - 
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STocKPORT STORM WATER RECORD—(continued). 











Total 











Dilution : | Total 








volume of 
Times the rainfall | sewage and 
Date. Hour. in storm water Remarks. 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours. 
1902. | 
July Ist, Tuesday - . - = -- 0:11 4,287,500 Beyond this date the 
Reddish sewage is 
pumped as well as that 
from Stockport. 
July 10th, Thursday - - | 9.0 a.m.-3.0 p.m. 3 0°38 4,981,400 | Storm overflows on line 
of sewer working 
/ freely 10 a.m. 
July 26th, Saturday - - | 3.0 a.m.-6.0 a.m. 3 0-41 4,869,400 
6.0 a.m.-9.0 a.m. 34 
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STOCKPORT STORM WATER RECORD—(continued). 





Date. 


1902. 
August 2nd, Saturday - 


August 3rd, Sunday 
August 6th, Wednesday 
Anant 10ch, Sunday 
August 17th, Sunday 


August 22nd, Friday 


August 23rd, Saturday - 


Hour. 


Midnight~3.0 a.m. 


| 
| 9.0 a.m.-noon. 


- | 6.0 a.m.—9.0 a.m. 


3.0 p.m.-6.0 p.m. 
6.0 p.m.-9.0 p.m. 





9.0 p.m.-midnight. 


6.0 a.m, -9.0 a.m, 


9.0 p.m.-midnight. 


_ 9.0 p.m.-midnight. 


9.0 p.m.—midnight. 




















Total 
Dilution : Total volume of 
Times the rainfall | sewage and 
dry in storm water Remarks, 
weather 24 hours. | delivered at 
flow. Inches. outfall in 
24 hours. 
| 
| 
5 0-31 | 4,956,300 
3 0-17 4,056,400 
34 | 
3 0°23 _ 4,982,400 
5 0°13 3,062,600 
| 
a 0°41 | 4,563,000 
3 
3h 010 | 3,437,600 
| | 
34 0:28 | 4,431,600 
| 
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Stockport STORM WATER REcORD—(continued). 








Total 
Dilution : Total volume of 
Times the rainfall | sewage and 
Date, | Hour. dry in storm water Remarks. 
H | weather 24 hours. | delivered at 
; flow. Inches. outfall in 
| | 24 hours. 
1902. 
September 2nd, Tuesday < | 9.0 p.m.-midnight. 3 None. 3,744,000 
September 3rd, Wednesday - | 6.0 p.m.-9 p.m. 3 0-06 3,881,500 








ROYAL COMMISSION ON SEWAGE DISPOSAL. 


15] 





Date. 


1902. 
October 9th, Thursday - 


October 10th, Friday - 


October 13th, Monday - 


October 14th, Tuesday - 


October 15th, Wednesday 


October 16th, Thursday 


October 17th, Friday - 


October 18th, Saturday 


October 29th, Monday - 


October 22nd, Wednesday 


October 26th, Sunday - 





STOCKPORT STORM WATER RECORD—(continued),. 


Hour. 


6.0 p.m.-9.0 p.m. 
9.0 p.m.—midnight. 


Midnight-3.0 a.m. 


Noon-midnight. 
9.0 p.m.-midnight. 


Midnight-midnight. 
Midnight-3.0 a.m. 
9.0 p.m.—midnight. 


Noon-3.\) p.m. 


3 0 a.m.—6.0 a.m. 
6.0 a.m.-9.0 a.m. 
Noon-6.0 p.m. 

9.0 p.m.-midnight. 


3.0 a.m.—6.0 a.m. 


6.0 a.m.-9.0 a.m. 
9.0 a.m.-midnight. 


3.0 a.m.-—6.0 a.m, 
6.0 a.m.—noon. 


6.0 a.m.-9,0 a.m. 


3.0 a.m.-3.0 p.m. 
6.0 a.m.—9.0 a.m. 


6.0 a.m,.—noon 


| 


34 


38 





34 





Dilution : 
Times the 
dry 
weather 
flow. 








Total 


rainfall 


in 


24 hours. 
Inches. 


0°50 


0°18 


0°42 


0°63 


0:18 


O14 


0:17 


0°19 


| Total 
volume of 


sewage and 
storm water 
delivered at 


outfall in 
24 hours. 
| 





5,257,000 


5,606,700 


6,782,000 


8,408,000 





6,732,000 


8,438,000 


8,302,000 


7,113,000 





6,150,000 


7,239,000 


3,881,000 











Remarks. 


pe a 


Total volume delivered 

at outfall=22 times 
average dry weather 
discharge. 


Total volume delivered 
at outfall=3 times the 
average dry weather 
flow. 


Total volume delivered 

at outfall=22 times 
average dry weather 
discharge. 


Total volume delivered 

at outfall=2s times 
average dry weather 
discharge. 
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Date. 





1902. 


NovemLer 8th, Saturday 


November 9th, Sunday - 


November 28th, Friday 


| 





STocKPoRT STORM WATER RECORD—(continued). 


ee nD EE ES EE RE PR TS SSE SS SAS 
1 











Total 
Dilution : Total volume of 
Times the | rainfall | sewage and 
Hour. dry in storm water Remarks. 
weather 24 hours. | delivered at 
j flow. Inches. outfall in 
| 24 hours. 
6.0 p.m.—9.0 p.m, 3 0:33 5,068,800 
9.0 p.m.-midnight. 34 
9.0 p.m.—midnight. 3 0:06 4,100,000 
6.0 p.m.-9.0 p.m. 3 0:31 5,512,700 























1902. 


December Ist, Monday- 


December 2nd, Tuesday 


December 3rd, Wednesday 


December 16th, Tuesday 


‘December 17th, Wednesday- 


December 18th, Thursday - 


December 28th, Sunday 





C225 
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STocKPpoRT STORM WATER RECORD—(continued). 


Hour. 


6.0 p.m.-9.0 p.m. 


3.0 a.m.-6.0 a.m. 
6.0 a.m.—noon 
9.0 p.m.—-midnight 


6.0 a.m.-9.0 a.m. 


3.0 a.m.-6 a,m. 
6.0 a.m.—noon 
9.0 p.m.—-midnight 


Midnight-3.0 a.m. 
6.0 a.m.—noon 
9.0 p.m.-midnight 


Midnight—3.0 a.m. 
6.0 a.m.—noon 


Midnight—3.0 a.m. 
3.0 a.m.-9.0 a.m. 





Dilution : 
Times the 


weather 
flow. 


m Ww 
dF 


ow 


33 


33 

















Total 

Total volume of 
rainfall | sewage and 
in storm water 
24 hours. | delivered at 

Inches, outfall in 

24 hours. 

0:21 4,781,300 

0°36 8,476,000 

0 07 6,075,000 

0:42 8,213,500 

0:04 7,688,600 

0:19 6,870,000 

0:18 4,613,000 





Remarks. 


Total volume delivered 
at outfall=2? times 
the average dry 
weather discharge. 


| Total volume deliverel 
at outfall=2s times 
| average dry weather 


discharge. 


Total volume delivered 
at outfall=24 times 
average dry weather 
discharge. 


| Total volume delivered 
at outfall=24 times. 
average dry weather 
discharge. 
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Date, 


1903. 


January 2nd, Friday 


January 3rd, Saturday - 


January 5th, Monday - 


January 6th, Tuesday - 


January 7th, Wednesday 


January 8th, Thursday 


January 9th, Friday 


January 10th, Saturday 


January llth, Sunday - 


January 22nd, Thursday 


January 24th, Saturday 


January 27th, Tuesday 


APPENDIX 3 


Stockport Storm WATER RECORD—(continued). 


Hour. 


| 9.0 am.—-midnight 


6.0 a.m.-9 0 a.m. 





9.0 a.m.—noon 


9.0 a.m.—3.0 p.m. 


| 6.0 p.m.-9.0 p.m. 


9.0 p.m.—midnight 


Midnight-6.0 a.m. 


| 6.0 a.m—noon 


9.0 p.m.-midnight 


6 a.m.-3.0 p.m. 
6.0 p.m.-9.0 p.m. 


| 9.0 p.m.-midnight 


Midnight-3 am. 


| 6.0 a.m.—noon 


9.0 p.m.—imidnight 


9.0 p.m.-midnight 


Midnight-3.0 a.m. 
3.0 a.m,.-6.0 a.in. 


: 6.0 a.m.—noon 


6 p.m.-midnight 


3.0 a.m.—9.0 a.m. (due 
to rainfall late on day 
previous). 


6.0 p.m.—9.0 p.m. 


9.0 a.m.-noon 
9.0 p.m.—midnight 


6.0 a.m.—noon 





9.0 p.m.—midnight 


Dilution : 
Times the 
dry 
weather 
flow. 


wy) 
biK 


me 9 








Total 
rainfall 
in 
24 hours. 
Inches. 


0-17 


0:07 


0°36 


0°15 


0-23 


0:04 — 


0:05 


0°19 


No rainfall. 


0-18 


0-15 


0°19 


Total . 
volume of 
sewage and 
storm water 
delivered at 
outfall in 
24 hours. 


5,037,700 


5,212,000 


7,051,000 


8,382, 700 


8,182,000 


7,713,000 


6,307,500 


8,251,000 


4,400,000 





4,206,500 


6,006,500 


6,413,200 


| 





Ee 





Hemarks. 


Total volume delivered 
ot outfall=23 times 
average dry weather 
discharge. 


Total volume delivered 
at outfall—23 times 


average dry weather 


discharge. 


Total volume delivered 
at outfall=2? times 
average dry weather 
discharge. 


Total volume delivered 
at outfall=3 times 
average dry weather 
discharge. 


SEs 
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Stockport StorM WATER RECORD—(continued). 





Date, 


1903. 


February Ist, Sunday - 


February 9th, Monday - 


February 21st, Saturday | 


February 22nd, Sunday 


February 23rd, Monday 


February 24th, Tuesday 


February 25th, Wednesday 


February 26th, Thursday 


6225 


Hour. 





3.0 a.m.—§.0 a.m, - 


3.0 a.m.—6.0 a.m, 


3.0 p.m.—6.0 p.m. 
6.0 p.m.—9.0 p.m. 


9.01 p.m.-midnight. 


3.0 p.m.-6.0 p.m. 
6.0 p.m.—9.0 p.m. 


9.0 p.m.—midnight. 


Midnight-3.0 a.m. 


9.0 p.m.—midnight. 


Midnight-3.0 a.m. 
3.0 a.m.—9.0 a.m. 
9.0 a.m.—3.0 p.m. 
6.0 p.m.-9.0 p.m. 


9.0 p.m.—midnight. 


Midnight-6.0 a.m. 
6.0 a.m.-9.0 a.m. 
9.0 a.m.—noon 





Dilution : 
Times the 


d 
ns a 
flow. 


Ww 
rene 


we 09 





Total 
rainfall 


in 


24 hours, 
Inches. 


0:07 


0:08 


0°30 


0:07 


0:06 


0:07 


0:03 





Total 
volume of 
sewage and 
storm water 
delivered at 
outfall in 
24 hours. 


3,912,400 


5,112,100 


6,200,000 


6,826,000 


5,925,000 


5,431,200 


9,000,000. 


7,814,000 


Remarks, 


Took 
samples at 4.45 and 


storm water 


5.15 p.m.; 3 times 
diluted. 





Total volume delivered 
at outfall=22 times 
average dry weather 


discharge. 


Over 3 times diluted for 
whole 24 hours. 

Total volume delivered 
at outfall=3 times 
average dry weather 
discharge. 


Total volume delivered’ 

at outfall=?? times 
average dry weather 
discharge, 
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STrOeckr?O RESO fh PO At WORN. 


PumPpine FIGURES. 











epee Rainiall, . 
DATE. Pe here a a REMARKS. 
Cubic feet. Gallons. Inches. 

1901. 
Saturday, 20th July - - . — 2,525,000 — | os 
Sunday, 21st July - - - | --- 3,425,000 _ a 
Monday, 22nd July - - - — 2,887,500 — — 
Tuesday, 23rd July - - - | < 2,481,300 0:04 —- 
Wednesday, 24th July- - = — 3,393,500 0°48 —— 
Thursday, 25th July - : cal — 6,738,000 2°43 24 times average D. W. volume, 
Friday, 26th July - 2 es — 5,865,000 0:16 — 
Saturday, 27th July ah gabe = 2,456,200 0-18 iaeete 
Sunday, 28th July - 2 2 — 4,225,000 0:22 = 
Monday, 29th July - : : | == 2,287,400 _ | — 
Tuesday, 30th July - — 2,675,000 — | -_—— 
Wednesday, 31st July- - = — 2,362,300 — — 
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Stockport CoRPORATION.—Pumping Figures— continued. 


Total Discharge per 























ai hours Painfall. 
DATE. ee REMARKS. 
Cubic feet. Gallons. Inches. 
1901—continued. 
Thursday, lst Aueust - - — 2,631,000 — —- 
Friday, 2nd August - - < _ 2,518,700 _ - 
Saturday, 3rd August - - — 2,268,800 es 5 ae 
Sunday, 4th August - 7 - — 1,862,400 — zis 
Monday, 5th August - -~— - — 2,817,500 - —-- 
Tuesday, 6th August - - - — 2,206,200 12 —— 
Wednesday, 7th August - - — 2,606,109 03 —— 
Thursday, 8th August - - - —_ 2,818,600 07 -—- 
Friday, 9th August - - - — 2,481,000 _— ae 
\ 
Saturday, 10th August - | — 2,531,200 "06 —- 
Sunday, llth August - - = | — 1,962,400 *02 —-- 
Monday, 12th August - - - | — 2,962,300 “04. —_ 
Tuesday, 13th August - . - | — 2,262,300 — a 
Wednesday, 14th August - - — 2,750,000 08 a 
Thursday, 15th August - - — 2,962,300 "06 —-- 
Friday, 16th August - : - = 2,268,800 —_ — 
Saturday, 17th August -  -— = 2,781,200 08 Ee 
Sunday, 18th August- -  -| os 2,125,000 aad <i 
| | 
Monday, 19th August - - - — 2,075,000 — es 
Tuesday, 20th August - - - | — 2,087,500 — | —_—— 
Wednesday, 21st August - . a 2,306,200 — | —= 
Thursday, 22nd August - . — 2,556,100 — — 
Friday, 23rd August - - - — 2,175,000 — =a 
Saturday, 24th August - - — 1,843,700 — = 
Sunday, 25th August - - - — 1,743,800 a = 
Monday, 26th August - - | -- 3,662,500 | “50 Storm samples taken from 5 p.m, 
| / to9 p.m. flow was at rate of 
44 times D. W. flow. 
Tuesday, 27th August- -~ - = 2,462,500 "02 —— 
- Wednesday, 28th August - - = 2,625,000 "08 ee 

Thursday, 29th August’ - - = 2,700,000 “02 res 
Friday, 30th August - . - -- 2,587,500 “04 —— 











Saturday, sist August - - -- 3,093,060 09 —— 
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Stockport Corporation—Pumping Figures—continued. 














































f 
Ee Rainfall. 
DATE. REMARKS. 
Cubie fect. Inches, | 
ee S Mabe iiME MEO 
1901—continued. 
Sunday, lst September - - -- 1 968,700 -- — 
Monday, 2nd September - : — 2,600,000 — oe 
Tuesday, 3rd September «= - — 2,600,000 5 — 
Wednesday, 4th September - — 2,831,200 —~ ——— 
Thursday, 5th September - ° — 2,531,400 -- — 
Friday, 6th September - - ~ 2,425,000 — —— 
Saturday, 7th September - - — 2,228,800 — — 
Sunday, 8th September - — 2,943,700 ‘09 —- 
Monday, 9th September - _— 2,556,300 _ . — 
Tuesday, 10th September - - _ 2,881,300 "04 —— 
Wednesday, 11th September : — 2,793,700 03 nan 
Thursday, 12th September - — 2,681,200 —- ris mcs 
Friday, 13th September - - — 2,356,300 == ; one 
Saturday, 14th September - - ay 2,237,500 — ——— 
Sunday, 15th September - - — 2,000,000 -- ‘ eee 
Monday, 16th September - - | — 3,106,100 10 — 
Tuesday, 17th September - - — 4,125,000 12 ae 
Wednesday, 18th September - — 2,531,200 -- capes | 
Thursday, 19th September - - — * 2,506,200 ~-/ cca 
Friday, 20th September -~  - a 3,350,000 24 —= 
Saturday, 21st September - - — 2,706,000 ‘01 —— . 
Sunday, 22nd September - = a 1,950,000 = ——— 
Monday, 23rd September - e — 2,131,200 —_ | -— 
Tuesday, 24th September - : — 2,531,500 — _— 
Wednesday, 25th September — - —, 2,512,500 03 coat ha 
Thursday, 26th September - : = 2,500,000 — —_—— 
Friday, 27th September — - J = 2,406,300 a or 
Saturday, 28th September - - os 2,262,400 ae eae ty) 
Sunday, 29th September - = a 1,918,900 a ie Uae. 


Monday, 30th September -~— - - 2,644,000 10 
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Sr ne ee eee 





Srookport CorPorRation—Pumping Figures—continued. 



































= 
vhs Bir ae oi Rainfall. 
DATE, REMARKS. 
Cubic fest. Gallons. Inches, 
1901—continued. 
Tuesday, Ist October - - - _ 2,631,300 04. —— 
Wednesday, 2nd October - - _ 2,450,000 ‘ll Sous 
‘Thursday, 3rd October - — 2,994,000 04 ; —— 
Friday 4th October 4 eee — 4,200,500 "33 so 
Saturday, 5th October - - _ ; 3.369,000 “1 es 
Sunday, 6th October - - - — 2,912,800 "55 a 
Monday, 7th October - 2 - = 2,319,000 01 creeks 
Tuesday, 8th October - - - 4,731,400 49 ae 
Wednesday, 9th October - - = 5,007,000 15 = 
Thursday, 10th October - - — 2,856,400 ‘01 — 
Friday, 11th October - - - — 2,343,900 02 — 
Saturday, 12th October - - — 2,544,000 02 —— 
Sunday, 13th October - - 1,962,700 — ee 
Monday, 14th October - - — 2,581,400 — a 
Tuesday, 15th October - : _ 2,600,000 == —_—_— 
Wednesday, 16th October - - — 2,856,300 no Ses 
Thursday, 17th October - - — 3,994,100 Beh os 
Friday, 18th October - - - — 2,937,700 05 — 
Saturday, 19th October = - - - 2,425,300 01 : —— 
Sunday, 20th October a — 1,812,600 oe — 
Monday, 2lst October - - — 2,306,500 — — 
‘ Tuesday, 22nd October - - ee 2,531,500 = —— 
Wednesday, 23rd October - - = 2,381,300 “Ol — 
Thursday, 24th October - - = 4,550,100 24 soos 
‘ ‘ t 
Friday, 25th October eran st — 2,925,100 ae SNar 
Saturday, 26th October -~— - _ 2,406,300 uncertain —— 
Sunday, 27th October - - | — 1,962,700 uncertain — 
Monday, 28th October - - — 2,494,000 ~ 04 —- 
Tuesday, 29t October - - _ 2,609,000 03 con 
Wednesday, 30th October - - a 2,287,700 aw wees 
Thursday, 3lst October : - _ 2,418,900 = — 
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Stockport CorPoRATiIon.—Pumping Figures—continued. 
































Maier Uisgbange per Bain all. 
DATE. _— REMARKS. 
Cubic fect. Gallons. Inches. 
1901— continued. | 

Friday, Ist November - - _ 2,368,800 - | Seis 
Saturday, 2nd November - . — 2,231,400 - aes 

day, 3rd November - a | 1,862,600 | | MILE, 
Monday, 4th November” - - ae 2,368,000 —— ; eee 
Tuesday, 5th November - . -- 2,462,500 — — 
Wednesday, 6th November - -- 2,593,900 ‘01 a= 
Thursday, 7th November - - —- 2,412,700 — aay 
Friday, 8th November - - ~~ 2,400,200 oer ae 
Saturday, 9th November - = 2,318,900 -- eS: 
Sunday, 10th November - - oa 2,431,300 ‘01 -- 
Monday, 11th November - a= | 5,700,000 0°25 Mere 
Tuesday, 12th November - - _ | 6,013,000 1-67 Ceased pumping after 5 p.m. 
Wednesday, 13th November - | — | 3,844,000 0°04 aun 
Thursday, 14th November - - -- | 3,150,090 as ote 
Friday, 15th November -~— - -~ | 2,418,900 a Snes 
Saturday, 16th November -~— - oo 2,593,900 = Ata 
Sunday, 17th Boyonee : - _ 2,056,200 02 eee 
Monday, 18th November -~— - -- 4,150,000 16 pad 
Tuesday, 19th November - - — 5,900,000 "31 —-- 
Wednesday, 20th November - a=, 5,912,500 ‘47 Pe. 
Thursday, 21st November - : -- 6,457,000 29 24 times av. D. W. volume, 
Friday, 22nd November - - — 6,407,000 ‘03 24 times av. D. W. volume. 
Saturday, 23rd November - - eo 2,406,300 — de 
Sunday, 24th November” - : = 2,450,000 a ees 
Monday, 25th November - 3 as 2,712,500 = ae 
Tuesday, 26th November - - “ 2,656,400 — cba 
Wednesday, 27th November : =e 2,762,700 01 setts 
Thursday, 28th November - - _ 2,787,500 — | oe 
Friday, 29th November : - ao 2,556,300 = —— 





Saturday, 30th November - =| = 2,419,400 ae | Rei 








DATE. 


1901—continuea. 


Sunday, lst December - 
Monday, 2nd December 

Tuesday, 3rd December - 
Wednesday, 4th December 7 
Thursday, 5th December - 
Friday, 6th December- = - 
Saturday, 7th December - 
Sunday, 8th December - 
une 9th December - 
Tuesday, 10th December - 


Wednesday, 11th December 
Thursday, 12th December - 
Friday, 13th December : 
Saturday, 14th December - 
Sunday, 15th December - 
Monday, 16th December’ - 
Tuesday, 17th December - 
Wednesday, 18th December 
Thursday, 19th December - 
Friday, 20th December - 
Saturday, 2lst December - 
Sunday, 22nd December - 
Monday, 23rd December - 
Tuesday, 24th December - 
Wednesday, 25th December 
Thursday, 26th December - 
Friday, 27th December — - 
Saturday, 28th December - 
Sunday, 29th December - 


Monday, 30th December 


Tuesday, 3lst December - 
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Srockrort CoRPoRATION.—Pumping Figures—continued. 


Total Discharge per 
24 hours. 





Cubic feet. Gallons. 


: es | 2,212,500 


: i | 2,887,800 





: a | 2,981,200 | 


: = 2,943,800 


: eras 3,143,800 





: < 3,050,000 
a 3,768,700 
re 4,225,000 
ae 5,581,500 


— . 6,844,500 


— | 5,869,000 


— 6,259,700 





_— 6,380,000 


: pi 4,512,500 


— 3,218,900 





: as | 4,475,000 





- — 4,717,800 


; il : 2,031,300 








- |) Pumping stopped to put in screen. 

















Rainfall. 


23 
17 


10 


"34 


"06 


03 


05 


10 


03 


REMARKS, 


161 





Ceased pumping 12,45 p.m. 


22 times av. D. W. volume. 


2? times av. D. W. volume. 


162— JLEDBIE . SHaALPPENDIXDrSsTGo 


sasdscminsiiiaibcinitinees citeinanins oe . 





StockPortT..CoRPORATION.— Pumping: Figures+continued. ©: 


corre = em 8k ee 








Total Discharge per 
~ 24 hours. 





DATE! REMARKS. 





Gallons. | 





Cubic feet. 








1902. 
Wednesday, Ist January 


Thursday, 2nd January 

Friday, 3rd January - . - 
Saturday, 4th January 

Sunday, 5th January - 

Monday, 6th January - : - 


Tuesday, 7th January 





Wednesday, 8th January 
Thursday, 9th January 
Friday, 10th January - 


Saturday, 11th January 


Sunday, 12th January tee ‘ Kites 








Monday, 13th January ee 





Tuesday, 14th January - 





Wednesday, 15th January - _—- | ) {Pumping stopped to put in screen. pint A 
Thursday, 16th January 
Friday, 17th J ante - 
Saturday, 18th January 
Sunday, 19th January “gy Meo 
Monday, 20th January - 
Tuesday, 21st Januaty 
Wednesday, 22nd January - 


Thursday, 23rd January - - 





Friday, 24th January - - 
Saturday, 25th January” - 
Sunday, 26th J anuary - 


Monday, 27th January’ - 


Tuesday, 28th January : - ~ 4,563,000 “24 << 
if 

Wednesday, 29th January -—- — 4,687,500 *] 

Thursday, 30th January - wl 3,637,600 = 

Friday, 3lst January - -~ - -~ 3,512,300 _ war 
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Srockpert CorporaTion—Pumping -Figures—continued. 





























3 dein! Ppolarge POE Se toy Rainfall. 
DATE. ° es a 
Cubie Feet. | Gallons. Inches, 
1902. 
Saturday, lst February - . ie 3,168,700 we 
Sunday, 2nd February” - - = 3,318,900 - 
Monday, 3rd February - - _ 3,781,100 os 3 
; 
Tuesday, 4th February - - — 3,293,700 — 
Wednesday, 5th February —- = 3,456,100 ~— | , 
Thursday, 6th February -  - . 2,950,000 
Friday, 7th February - - — 2,243,500 — 
Saturday, 8th February = - : —_ 3,225,000 0°10 
Sunday, 9th February » - = 3,206,100 |  Uneertain. | ° 
Monday, 10th February - ~~ ~~ 3,100,000 Uncertain. 
Tuesday, llth February -— - | — 3,250,000 Uncertain. 
Wednesday, 12th February - | oo 3,175,000 Uneertain. | 
Thursday, 13th February - a = 2,662,300 Uncertain. 
Friday, 14th February ap a 2,687,400 ie 
Saturday, 15th February - — 2,437,300 — / 
Sunday, 16th ee - — 9,525,000 — 
Monday, 17th February eer =| — 3,512,300 a 
Tuesday, 18th February -~— - | — 2,881,260 — 
'"Wednesday, 19th February . | = 3,874,860 , — 
Thursday, 20th February - : = 3,812,500 — 
Friday, 2lst February -~— - | — 3,581,000 s 
Saturday, 22nd February - - — 3,868,700 | — 
Sunday, 23rd February - - _ 3,749,800 | 0:07 
; Manday; 24th a - ~— 5,312,400 0°27 
Tuesday, 25th February - - — 4,699,500 As 
Wednesday, 26th February” - ae 3,831,300 | i 
Thursday, 27th February -—  - - 812,600 ae 
3,337,400 | ac 





Friday 28th February -~— - — 


6225 


REMARKS, 


168 
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Stockport CorPpoRATION—Pumping Figures—continued. 


a a oe eR aE aS SO Se eS ee 
Total Discharge per 


























Si AGura Rain‘all. 
DATE. REMARKS. 
Cubic feet. | Gallons. 
a 1902—continued. | a eb 
Saturday, lst March - - - -- 2,737,300 — ———— 
Sunday, 2nd March - - - — 2,737,300 Fx avs 
Monday, 3rd March - : - — 3,031,100 _ ae 
Tuesday, 4th March - : - a 3,193,800 — i eS 
Wednesday, 5th March - - — 7 2,868,600 —_ me aL” 
Thursday, 6th March - et — 2,906,100 — va 
Friday, 7th March - - —_ 3,587,200 — — 
Saturday, 8th March .- : - — 4,031,000 15 | ——s 
Sunday, 9th March -~ - : — 3,400,000 05 i revs 
Monday, 10th March - . . -— 3,950,000 ‘ll os 
Tuesday, llth March «~  -« ° _ 3,525,000 — ; rete 
Wednesday, 12th March -~— - pin 2,725,000 = meas 
Thursday, 13th March - - _ 3,512,300 05 —— 
Friday, 14th March - : - _ 4,012,400 ‘10 ——— 
Saturday, 15th March - — 3,793,700 04 rae 
Sunday, 16th March Maman ae ES 2,237,200 “ ae 
Monday, 17th March - : — 3,406,100 01 Sait 
Tuesday, 18th March - : - —_ 3,187,400 ite = lar 
Wednesday, 19th March - - = 3,568,500 07 elt 
Thursday, 20th March : : — 3,787,300 ‘09 antes 
Friday, 2lst March - - - ei te 3,200,000 03 ae 
Saturday, 22nd March : | - — 2,824,800 03 i as 
Sunday, 23rd March - - - — . 2,656,100 03 — 
Monday, 24th March - : - == 4,625,000 12 I, ; je | 
Tuesday, 25th March - : - — 4,581,100 10 | —— 
Wednesday, 26th March - - — 4,556,000 i — 
Thursday, 27th March - - — Pere ‘10 Etien 
Friday, 28th March - : : ae 3,425,000 a = . athe. 
Saturday, 29th March . 4 ae 2,900,000 61 bait 
Sunday, 30th March - - - hi 2,562,200 as he 


Monday, 3lst March - ~~ - — 3,987,900 09 
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Stockton CorporaTion—Pumping Figures—continued. 





| 
Total Discharge per 




























Fig Seay Rainfall. 
DATE, 
Cubic feet. Gallons. Inches. 
1902—continued. | - 

Tuesday, lst April - . : — 4,250,200 10 
Wednesday, 2nd April se ~ 3,181,500 — 
Thursday, 3rd April - -~ - 4,281,100 "15 
Friday, 4th April - /- - ae 5,263,000 12 
Saturday, 5th April -  . - — 6,068,200 38 
Sunday, 6th April : - —_ 3,375,000 — 
Monday, 7th April : - | — 3,519,000 _ 
Tuesday, 8th April <e : - Js 3,300,000 — 
Wednesday, 9th April : - —_ 3,081,300 — 
Thursday 10th April - - : — 3,043,900 — 
Friday, llth April - - — 3,256,200 _ 
Saturday, 12th April - - - — 3,106,200 02 
Sunday, 13th April - - - ae 3,187,800 13 
Monday, 14th April - -~ - = 3,262,500 ~ 
Tuesday, 15th April - -~ - es 5,956,000 “45 
Wednesday, 16th April - : =e 3,931,100 06 
Thursday, 17th April- -~ - mas 3,300,000 hae 
Friday, 18th April. - -~ - — 3,025,000 — 
Saturday, 19th April - - - — 3,212,500 ‘Ol 
Sunday, 20th April - - - = 3,537,400 ‘19 
Monday, 2lst April - - - = 3,237,500 ‘Ol 
Tuesday, 22nd April - - _ 4,156,500 08 
Wednesday, 23rd April = - — 2,693,800 = 
Thursday, 24th April- -~ - — 2,806,300 ‘01 
Friday, 25th April = - : - — 3,050,000 — 
Saturday, 26th April - - - _— 2,568,800 = 
Sunday, 27th April - - - ses 2,531,400 a= 
Monday, 28th April - : - a 3,275,000 = 
Pied Apa ~ , <a a 3,900,000 a. 


Wednesday, 30th April -— - _ 3,156,500 | ‘I 
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REMARKS. 


24 times av. D. W. 


volume. 


166 1 APPENDIX :! 


Srockport CorPpoRATIoN.— Pumping Figures—continwed. 
































ahzip! Discharge per . . Rainfall. 
“DATE. © BE : sain connate REMARKS. 
Cubic Feet. | Gallons. ' Thches, » 
ie 
1902—-eontenued. 
Thursday, lst May - - - — 2,531,300 05 : : Geet ot cea 
Friday, 2nd May a - - — 3,181,400 “13 an ef = 
Saturday, 3rd May - = _ 3,575,000 : 36 z 
Sunday, 4th Maye : - - == 3,025,000 “07 | } ne 
Monday, 5th May - - = 3,256,000 10 iia oe : 
Tuesday, 6th May -- - Aa | 3,475,000 | 06 vy AHS 
Wednesday, 7th May - - — 3,581,200 | ‘Ol : F Se 8 
Thursday, 8th May - : - a 2,512,600 | i= ; —_——. 
Friday, 9th May - : ay — 3,237,300 | 12 ee 
Saturday, 10th May - -~ - = 2,418,800 i | 7 — 
Sunday, llth May - - i" er 2,250,000 ihe . , es 1 
Monday, 12thMay - -  - ss 2,462,500 a jf = 3 Tinea 
Tuesday, 13th May - - >| cs 2,631,300 | i | : ae 
Wednesday, 14th May = - = 2,493,700 03 see 
Thursday, 15th May- - - - — 4,400,000 35 | a Galea 
Friday, 16th May : - - = 4,812,500 20 | oe 
Saturday, 17th May : : - — 4,369,000 “43 | ; ee 
Sunday, 18th May - - - = 4,681,000 “12 ‘aa -— ; 
Monday, 19th May “ - * foe 3,975,000 = | oo 
Tuesday, 20th May - - : _ 2,787,300 09 i ; Sa 
Wednesday, 21st May . - | — 2,900,000 _ | ; ah a 
Thursday, 22nd May - Praik oh -— 6,237,000 | : : rd 
Friday, 23rd May - : - -_ 4,312,300 “40 | : : . are 
Saturday, 2th Mey: «fe 2603700] 06 
Sunday, 25th May - - -— 2 543,800 — : : os 
Monday, 26th May - - - : se 2,700,000 | “02 | —os 
Tuesday, 27th May - - -- 2,900,000 _ | ; eee 
Wednesday, 28th May : = = 2,906,200 04 | ; : aif = 
. 
Thursday, 29th May - - + f ot 2,687,400 05 H" ; ~~ Se 
Friday, 30th ie - - - os 3,025,000 06 : | Paar 


Saturlay, 3lst May - - — 2,137,300 = iy fess 
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Sroorrert CorroRAtIon.—Pumping Figures—continued. 





Total Discharge per 


4 € 
4 hours Rain‘all. 


DATE. 


Gallons. 








1902—continued. 





Sunday, Ist Jurie : . - — 2,625,000 0:05 —— 
Monday, 2ndJune_ - . - — 2,887,500 0:04 Ss 
Tuesday, 3rd June: - — | becca — ee 
Wednesday, 4th June - — 2,800,000 0-01 —— ; 
Thursday, 5th J a - - - — 3,106,100 0:08 —— 
Friday, 6th June - . - - _ 3,393,700 0:07 i. 
Saturday, 7th June - - - -- 4,825,000 0-19 —— 
Sunday, 8th June - — 2,493,706 _ Nei 
Monday, 9th June - - - — 3,200,000 a ee 
Tuesday, 10th June - : = 2,868,500 = e 
Wednesday, llth June - = 3,062,500 0-08 i 
Thursday, 12th June - -—- a 3,050,000 0-06 Lae 
_Friday,13thJune - - - a 2,793,600 0-02 Mia: 
Saturday, 14th June - - - — 2,812,400 0°04 fds 
Sunday, 15th June - - - = 2,325,000 ee ae 
Monday, 16th June - - - 2,743,700 — ——— 
Tuesday, 17th June - - — 3,343,800 0:10 — 
Wednesday, 18th June - 2,483,600 a estes 
‘ _Thureday, 19th June - - - = 2,781,200 a i igrie 
Friday 20th June : “ - — 4,518,400 0°19 anes 
Saturday, 2lst June - -~ - — 2,337,300 001 — 
Sunday, 22nd June - =. - _ 2,781,200 ae Sete. 
Monday, 23rd June - - - aoa 2,906,200 — Boob, 
Fuesday, 24th June - - - _ 3,343,800 — on ; 
Wednesday, 25th June : - _— 3,950,000 — py at 
Thursday, 26th June - - - — 2,306,200 — J ash 
Friday, 27th June - . - — 3,168,900 — : , = 
Saturday, 28th June - : - a : 3,025,000 = es 
‘Sunday, 29th June -— - - - 2,668,600 — cae 


day 30thJune - - - ~~ 3,424,900 _ a 


168 APPENDIX: 





Srockport CorPpoRATION.— Pumping Figures—continued, 








Total Discharge per 
24 hours. 







REMARKS. 


DATE. 








Cubic feet. Gallons. Inches. 























1902—continued. 
Tuesday, lst July = - : - — 4,287,500 ab 
Wednesday, 2nd July - - - — 2,981,200 — 
Thursday, 8rd July - . - ~ 3,062,700 — 
Friday. 4th culycuy =) = ne = 3,425,000 “U2 
Saturday, 5th July - -~ -| as 3,100,000 te 
Sunday, 6th July 2 As - — 2,744,000 = 
Monday, 7th July - - - — 3,037,800 _ 
Tuesday, 8th July : : - _- 3,381,500 ‘01 
Wednesday, 9th July - - - -- 4,281,300 10 
Thursday, 10th July -~ -~ - —- 4,981,400 38 
Friday, 11th July - - - — 3,069,000 ‘01 
Saturday, 12th July - : - _ 2,819,000 — 
Sunday, 13th July - - - — 2,556,400 — 
Monday, 14th July” - - - os 2,812,600 —- 
Tuesday, 15t: July - - - —_ 3,131,300 — 
Wednesday, 16th July - : — : 3,319,000 | _ 
Thursday, 17th July - - : = 2,662,700 — 
Friday, 18th July - - - ot | 2,862,500 a 
Saturday, 19th July - - - —_ 2,756,700 “= 
Sunday, 20th July - - ~ | 2,612,800 —_— 
Monday, 21st July” - - - _— 3,825,700 15 
Tuesday, 22nd July - - - —~ 4,863,000 "16 
Wednesday, 23rd July - . — 3,419,000 "04 
‘Thursday, 24th July - : - 2,994,000 02 
Friday, 25th July -- - - me 3,188,000 _ 
Saturday, 26th July - : - — 4,869,400 "41 
Sunday, nth Uy, a ks : _ 2,750,300 03 
Monday, 28th July” - - - — 2,919,000 01 ——s 
Tuesday, 29th July «+ - ay sod 3,050,200 03 fe 


Wednesday, 30th July 


2,950,100 : a a 


Thursday, 3ist July - : : - 2,706,300 _ —. 
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Stockport Corporation.— Pumping Figures.—continued. 




















Total Discharge per Rainfall: 
24 hours. 
DATE. REMARKS. 
Cubit feet. Gallons. Inches. 
1902—continued. | 

Friday, lst August - - - — 2,944,000 | = Eni 
Saturday, 2nd August- -~— - — 4,956,300 | “3h —- 
Sunday, 3rd August - - - — 4,056,400 | “7 ——- 
Monday, 4th August - yea ie - 2 650,300 09 | — 
Tuesday, 5th August - - - oa 2,987,500 | — 04 
Wednesday, 6th August -~ - — 4,982,400 | 23 Sarai 
Thursday, 7th August - - = 4,044,000 "24 a 
Friday, 8th August - - - _ 3,650,000 | “09 ee 
Saturday, 9th August- -~— - a 2,962,500 | 09 | oa 
Sunday, 10th August - -~ - -- ' 3,062,600 | “13 — 
Monday, 11th August - = - | _ 2,962,500 | ‘Ol SS 
Tuesday, 12th August - - — 3,137,200 | ‘O07 Sa 
Wednesday, 13th August - - — 3,193,700 ‘O4 —— 
Thursday, 14th August - - = 2,756,200 = nti 
Friday, 15th August - . - — 2,900,000 _ ies 
Saturday, 16th August - : oa 2,937,300 -: <i 
Sunday, 17th August - - - _— 4,563,000 | “41 —— 
Monday, 18th August- -~ - = 3,513,000 23 oe 
Tuesday, 19th August- - : _ 4,093,900 ‘09 ——— 
Wednesday, 20th August - - = 2,631,600 ‘O7 ao 
Thursday, 21st August - - — 2,090,400 ces —= 
Friday, 22nd August - -—- ~ 3,437.600 10 — 
Saturday, 23rd August - - — 4,431,600 28 | — 
Sunday, 24th August - - - _ 2,506,500 —_ —— 
Monday, 25th August - - - _— 3,387,800 02 a 
Tuesday, 26th August- - - _ 3,081, 50 _ oo 
Wednesday, 27th August - - _ 3,688,000 “ay oS 
‘Thursday, 28th August - - — 3,056,500 — ——— 

Friday, 29th August - - - — 3,375,200 “04 —— 

Saturday, 30th August - - — 2,612,800 id — 

Sunday, 31st - : - : — 2,844,000 92 | aie 
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Stockport CoRPORATION.—Pumping Figures—continued. 


— 
































Total Discharge per 
24 hours. 
DATE. REMARKS, 
Cubic Feet. Gallons. 

: 1902 —continued. eee ; | 

Monday, Ist September -— - = 3,262,900 — <r) ~ ated 
Tuesday, 2nd September. - - — | 3,744,000 = ey Cres oe 
Wednesday, 3rd September - — | 3,881 500 06 ered 
Thursday 4th September - - — | 2,850,000 “14 eiteess 
Friday, 5th September : - _- | 3,331 600 — | PEN ST 
Saturday, 6th September - - = 2,881,700 — she 
Sunday, 7th September - | — | 2,587,700 — eave 
Monday, 8th September - - — | 2,781,600 — sarre 
Tuesday, 9th September - - = | 3,075,100 — Kinin 
Wednesday, 10th September - — 4,100,000 08 — 
Thursday, llth September - - —- 3,256,400 13 | Be 
Friday, 12th September . - — | 3,262,800 05 peste: 
Saturday, 13th September - - — | 2,712,800 = bee fs 
Sunday, 14th September - - -- 2,712,800 03 — 
Monday, 15th September - : — 2,950,100 ‘Ol aan 
Tuesday, 16th September - - — 3,657,000 ‘07 penises 
Wednesday, 17th September - - -- 4,119,000 tis ee 
Thursday, 18th September - : = 2,875,100 = — 
Friday, 19th September - . — 2,800,000 — a 
Saturday, 20th September - : — 2,869,000 = | ee 
Sunday, 2lst September - : — 2,413,000 -- oo 
Monday, 22nd September - - == 3,556,400 afi — 
Tuesday, 23rd September - - —_ 3,938,000 AZE a 
Wednesday, 24th September — - — 3,075,100 — —— 
“Thursday, 25th Be ai E 2 — 2,875,200 = pees 
Friday, 26th September — - = = 2,862.800 ate ae 
Saturday, 27th September po = ; 3,019,100 2S ma 
Sunday, 28th September — - s Se 2,337,600 ae le 52a 
Monday, 29th September - ‘ atc 3,081,400 -- — 
Tuesday, 30th September - - = 2,888,000 — —= 








. * 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 171 





Total Discharge per 


























24 hours. | Rainfall 
DaTE. Be = coed oa pone S| REMARKS. 
Cubic Feet. Gallons. | Inches, 
1902—continued. 
Wednesday, Ist October -~— - _ 2,888,000 — --—- 
Thursday, 2nd October - - — 3,050,100 ‘03 Fon 
Friday, 3rd October - - 2 — 3,269,000 ‘05 — 
Saturday, 4th October | - - = 2,800,000 a) ud 
Sunday, 5th October - — - : -- 2,300,000 as = 
Monday, 6th October - - =e _ 2,987,500 | — —— 
Tuesday, 7th October- - _ 3,069,000 — a 
Wednesday, 8th October - ; — 2,769,000 = aaa 
Thursday, 9th October —- . = 5,257,000 ‘50 ———. 
Friday, 10th October - . = a 5,606,700 ‘18 eo 
Saturday, llth October -  - _ 3,244,000 ‘01 oo 
Sunday, 12th October - : J — 2,919,000 stn oo 
Monday, 13th October - - _ 6,782,000 "42 —— 
Tuesday, 14th October Z oes 8,408,000 63 2? times average D. W. volume. 
Wednesday, 15th October - = _ 6,732,000 24 , — 
Thursday, 16th October - - x | 8,488,000 26 3 times average D. W. volume, 
Friday, 17th October - - : — 8,302,000 18 22 times average D. W. volume. 
Saturday, 18th October - = — 7,113,000 14 23 times average D. W. volume. 
Sunday, 19th October - - - — 3,931,000 — = 
Monday, 20th October - : _ 6,150,000 1 a 
Tuesday, 21st October - - — 3,912,500 ‘O01 —— 
Wednesday, 22nd October - - ~- 7,239,000 19 ao 
Thursday, 23rd Pitober - - — 4,319,000 ‘02 4 
Friday, 24th October =I — 3,775,000 = ee 
Saturday, 25th October - . -: 3,369,000 = te 
Sunday, 2th Gctober- -~ - — 3,881,000 15 —-— 
Monday, 27th October - - _ 3,531,200 ee. on 
| ’ Tuesday, 28th October - - — 3,237,400 — ae ae 
| Wednesday, 29th October - - = 3,468,900 — we. 
Thursday, 30th October -~— - —_ 3,306,200 ome —— 
Friday, 31st October - 5 : —— _ 3,356,400 - “02 gore 
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sunday, 30th Novenber~ - 




















| pebeL Discharge per Rainfall. 
DATE. | ee ee REMABES. 
| Cubic Feet. | Gallons. Inches, 
\ | E 
1902—continued 

Saturday, lst November - - — 3,056,200 = uses 
Sunday, 2nd November - — 2,712,400 “= alin 
Monday, 3rd November - _ 3 193,900 — —— 
Tuesday, 4th November - - a 3,218,500 02 ee. 
Wednesday, 5th November a 3,175,000 ‘03 ee 
Thursday, 6th November -- 3,375,000 "02 eak 
Friday, 7th November - - = 3,162,600 ‘Ol Le 
Saturday, 8th November - — 5 068,800 33 ——— 
Sunday, 9th November — 4,100,000 06 ——— 
Monday, 10th November - - a 3,581,000 05 —— 
Tuesday, llth November - -- 3,987,500 ‘07 —— 
Wednesday, 12th November - 3,225,000 — a 
Thursday, 18th November- - 2,925,000 = ae 
Friday, 14th November -- 3,262,500 05 — 
Saturday, 15th November  - = 2,850,000 a ee 
Sunday, 16th November - = 2,306,200 — Cae 
Monday, 17th November == 2,756,300 = a= 
Tuesday, 18th November - — 2,756,300 -— — 
Wednesday, 19th November — 2,806,200 — a 
Thursday, 20th November - — 2,725,000 “= —— 
Friday, 21st November - — 2,706,200 — ——— 
ahaa 22nd November - = 2,787,400 03 —— 
Sunday, 23rd November ; Ss 2,562,400 01 a 
Monday, 24th November —_ 3,800,000 aay —— 
Tuesday, 25th November - | — 3,331 200 ‘Ol —— 
Wednesday, 26th November - — 3,268,700 02 = 
Thursday, 27th November - — 2,243,800 03 —— 
Friday, 28th November -\f Ae! a5 5,512,700 31 eee 
Saturday, 29th November - - = 4,300,000 ; ‘01 ae Soc 

ae 2,925,000 = me 
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Stockport CorPoRATION.—Pumping Figures—continued. 























| 1 
Total Discharge per Rainfall | 
| 24 hours. j | 
DATE. : : me | REMARKS. 
| : H 
Cubic Feet. Gallons. Inches, 
1902—continued, 
Monday, Ist December - - | — 4,781,300 ‘21 — 
Tuesday, 2nd December -~ - pi 8,476,000 36 23 times average D. W. volume. 
Wednesday, 3rd December - - — 6,075,000 ‘07 a 
Thursday, 4th December - - | os 3,412,500 — —— 
Friday, 5th December - - — 3,319,000 —~ — 
Saturday, 6th December - - == 2,781,200 -- —— 
Sunday, 7th December - ai _ 2,393,900 — -—— 
Monday, 8th December - - a 2,843,800 -- a 
Tuesday, 9th December - - — 2,793,900 oe ; ao 
Wednesday, 10th December - = 3,143,800 -- a 
Thursday, 11th December -— - oe) 2,762,500 —- ae 
Friday, 12th December - - = 2,687,400 — —— 
Saturday, 13th December pe 2,856,200 03 eae 
Sunday, 14th December - : — 2,506,200 ‘01 —— 
Monday, 15th December - - = 4,731,000 sis —— 
Tuesday, 16th December - - — 8,213,500 "42 2% times average D. W. volume, 
Wednesday, 17th December - | —_ 7,688,600 “04. 23 times average D. W. volume. 
Thursday, 18th December - 4 = 6,870,000 "19 25 times average D. W. volume. 
Friday, 19th December - - — 4,850,000 ‘03 Se le 
Saturday, 20th December - - = 3,637,800 — ee 
Sunday, 2ist December - - — 3,019,000 —- — 
Monday, 22nd December - - — 3,637,600 ‘Ol — 
Tuesday, 23rd December; - - = 3,612,300 = pad 
Wednesday, 24th December - — 3,312,600 -- oe 
Thursday, 25th December - - — 2,612,500 an pit 
Friday, 26th December - : — 3,531,100 202 ——s 
Saturday, 27th December - - _ 2,912,600 — Fal 
- Sunday, 28th December -— - — 4,613,000 18 aane 
Monday, 29th December - - oie! 3,856,200 a eee 
Tuesday, 30th December - - = 4,506,000 "10 — 
Wednesday, 31st December - — 3,350,000 a ve 
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Srockport Corporation—Pumping Figures—continued. 


























Total Discharge per Poinfall. 
24 hours. 
DATE. REMARKS. 
Cubic feet. Gallons. Inches. . 
1903. 3 

Thursday, Ist January : - _- 3,325, 100 = tae 

Friday, 2nd January -  -— - ea 5,037,700 17 ; . na 
Saturday, 3rd January - - —- 5,212,000 07 = 

Sunday, 4th January - -~— - — 3,412,500 ‘01 Look He vaio 
Monday, 5th January - - - = 7,051,000 36 ones 

Tuesday, 6th January - - _ 8,382,700 15 2? times av. D.W. volume.’' 
Wednesday, 7th January - - — 8,182,000 23 2? times av. D.W. volume. 
Thursday, 8th January - - — 7,713,000 “04 2? times av. D.W. volume. 
Friday, 9th January -  -— - = 6,307,500 05 ions 
Saturday, 10th January - eA — 8,251,000 19 3 times ay. D. W. volume.:'' 
Sunday, llth January - . me 4,400,000 — — 

Monday, 12th January - . = 3,814,000 = ries Xe 
Tuesday, 13th January - . _ 3,806,300 ort sate 
Wednesday, 14th January - - _ 3,537,500 a ; eet 
Thursday, 15th January” - - — 3,218,800 Patti, ever: 

Friday, 16th January - - - — 2,800,000 = — 
Saturday, 17th January — 2,756,400 = pent 

Sunday, 18th January = — 2,462,300 = Aten 

Monday, 19th January 2 - as 3,118,700 pet pa AS. 

Tuesday, 20th January -~— - — 3,300,000 — — 
Wednesday, 21st January - - — 3,281,100 = (oan 
Thursday, 22nd January - - a 4,206,500 18 — 

Friday, 23rd January - - - — 3,669,000 0°02 eas: 
Saturday, 24th January - - -- 6,006,500 “15 —— 

Sunday, 25th January - : a8 3,162,500 01 eas 

Monday, 26th January - : = 3,625,000 01 ae 
Tuesday, 27th January - 5 sas 6,413,200 19 | Ss 
Wednasday, 28th January - - —_ 5,556,100 aly —— 
Tharsday, 29th January” - if = 3,606,000 ae set 

Friday. 30th January - - - = 3,325,000 = en 
Saturday, 3ist January = - - = 3,156,200 “01 eas 

} 
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Srocgport Corporation.—Pumping Figures—continued. 





Total Discharge per 























yi ame Rain‘all, | 
WATE, | REMARKS. 
1 Cubic fect. Gallons. Inches. | 
| | ey eRe 
1903—continued. 
Sunday, Ist February - - - os 3,912,400 07 a 
BBEA Vand 
Monday, 2nd February - - _ 3,571,900 710 — 
V3A8 BREA ; 
Tuesday, 3rd February s - a 4,425,000 03 a 
Wednesday, 4th February - - — 4,050,000 ‘O01 — 
Thursday, 5th February” - : aan 3,937,300 “Ol a 
Friday, 6th February - - — 3,712,700 “Ol es 
Saturday, 7th February - - — 4,225,000 “05 aa 
Sunday, 8th February as 3,125,000 — eee 
Monday, 9th February - - — 5,112,100 -08 ss 
| 
| 
Tuesday, 10th February” - - -— 3,712,500 — Ee 
Wednesday, llth February a 4,256,100 “02 — 
Thursday, 12th February ~ - - — 4,037,700 03 —_ 
Friday, 13th February - as 3,850,000 Ore) Hy a, 
Saturday, 14th February - — - 2 ~) 3,456,200 02 en 
Sunday, 15th February - - — 3,581,100 — ae 
Monday, 16th February’ = - - — 3,775,000 = ee 
Tuesday, 17th February” - - —— 4,194,000 01 == 
Wednesday, 18th February : = 3,425,000 ae ae 
Thursday, 19th February - - — 3,494,000 oe = 
Friday, 20th February - - = 3,569,000 — ae 
Saturday, 21st February - - Py ot 6,200,000 30 Storm Samples. 
Sunday, 22nd February” - : — 6,826,000 ‘07 2? times av. D. W. velume. 
Monday, 23rd February - - a= 5,925,000 06 a a 
Tuesday, 24th February - - i aE 5,931,200 07 Zt 
Wednesday, 25th February - = 9,000,000 25 3 times ay. D. W. volume. 
Thursday, 26th February -—— - — 7,814,000 © 03 2% times av. D. W. volume. 
Friday, 27th February - : = 4,863,000 03 tcc 
Saturday, 28th February -~— - oo 4,537,500 04. ae: 
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RoYAL COMMISSION ON SEWAGE DISPOSAL. 
B 
MACCLESFIELD SEWAGE DIAGRAMS SHOWING STORM _ FLOW. 
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ADDENDUM 1 TO Mr TATTON’S. REPORT. 








RESULTS OF THE BACTERIOLOGICAL EXAMINATION 
OF SAMPLES OF 
| MACCLESFIELD, ROCHDALE, AND STOCKPORT SEWAGES, 


DILUTED WITH STORM. WATER. 


A, C. Houston. 
July 24, 1904. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION 





— aa ‘ 
: 2 | ee ne 
——————— Ian 


4 





Chief Biologicai Charac- 
ton 4 the strain of B. 
Number of B. Coli (or close! voli present in the 
‘allied Rea in? ei , raat 3 “ ae 


(Primary broth cultures (48 hours 


Description of the Sample. 
Total Number of 







































oe £2 eee a ae et ee ee Bacteria in 1 ¢c.c. at 37° C.) and subsequent Gas. |Indol. tay ties 
surface gelatine plate method). |: + ~~ | (b) Clot 
oO ms ”, 
Time of Collec.ion. g; Bo 
; ‘se ts Ciba isene 
i Me Wes cultures, 5 
No. | Other Details. 10 | 100 | 1,000} 10,000} 100,000 aoe Be days at 
Gelatine | Agar at |-—j——/|—— Seal ge <2 CO) 
‘0 1 1 | °01 | -001 | 0001 } -00001 |S 5 os 
at 20 C°. 37 C’. il AG. oc. \ae es 
oe |S=|@ | ® 





































































1 .. | 12.30 p.m. 6 10 | 1901 | 3 times diluted by storm water 

2 12.50 p.m. 6 10 | 1901 | 4 times diluted by storm water 

BY ap die cays opreal 6 10 | 1901 | 3 times diluted bystorm water se 

ioe 42 2 p.m. 12 11 | 1901 | 4 times diluted ty storm water Bm «« | 31,700,000 |, 5,460,000 + 

Bo ec 2.30 p.m. 12 11 | 1901 | 3 times diluted by storm water 

GoD ie 8.15 p.m. 12 11 | 1901 | 35 t mes di uted by storm water 

tales 2p.m. 4 1 | 1902 | 43 time: diluted by storm water 11,500,000 390,000 . Sp + = +: _ 
Sanne 3yp.m. 4 1 | 1902 | 4 times diluted by storm water e -. | 11,600,000 300,000 tr + — + ~ 
UB Se 4 p.m. 4 1 | 1902 | 33 times diluted ky storm water .. -- | 8,900,000 550,000 ai a5 + + + 
10 2.45 p.m. 1 7 | 1902 | 3 times diluted by storm water a + + xe + + 
ll 3 p.m. 1 7 | 1902 | 4t mes diluted by stcim water + + + + + 
12 3.15 p.m.] 1 7 | 1902 | 6 times eae san cher 1 : + + + + |] 4+ 
18.7 0 4p.m, 1 7 | 1902 | 3 times diluted by!storm water iy 4a + + + oe + 
14 2.30 p.m. | 10 7 | 1902 | 3 timcs diluted by stoim water te bn 
15 1.15 p.m. | 10 7 | 1902 | 4 times diluted by stormwater ..  .. ' 
16 12 noon 10 7 | 1902 | 5 times diluted by storm water es ue 

17 3.30 p.m. 7 1 | 1903 | 43 times diluted by storm water + — ss et + + 


AVERAGES: 





( 15,925,000 





1,675,000 


1 sample at 10,000) per 
8 100,000 J ¢.c. 


” ” 


6 out of 8, both indol 
and clot 

2 out of 8, neither indol 
nor clot 
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OF MACCLESFIELD Storm SEWAGE. 
l 

















B. Enteritidis Sporogenes Test, B.S. =Bile-salt glucose pe} tore 

































































































































































Indol Test Spores of B. enteritidis. aye heist A iat test 
F ae ea sporogenes (Klein’s “ enteritidis tas” production in gelatine e nal-re I 
Tadol in broth culos iret, |r ueh in anaroble mii | ‘shake cule, bu Roaneat | oR =Noutrala broth tot 
‘ cultures): Cultures heated to 20° C. Wie test 
80° C. for 10 minutes. a REMARKS. 
a ee SE 4 Tae ols SEL ee eee Se reel ae = 
1 | 10 | 100 | 1,000) 10,000) 100,000) 1 | 10 | 100| 1,000] 10,000 100,000) 1 | 10 | 100/ 1,000) 10,000) 100,000} 1 | 10 | 100 | 1,000} 10,000) 100,000 
1 | ‘1 [*01 | 002 | -0001 | 00001 | 1 | *1 | -01 “001 “0001 | 00001 | 1 i *O1 | 001 | *0001 | °00001 | 1 | *1 | °01 | °001 | ‘0001 | *00001 
C.C. | €.C.| C.C.) ©.C. | C6. | C.c. | C.c.| ¢.c.| c.c.| ¢.c.| ¢.c. | ¢.c. |¢.¢.|¢.¢./¢c.c |] ¢.c.| ¢.c. GC, _ | €.C,| C.¢.} Cc.) C.¢.] CC, | C.c. 
ee ee ee ea ee. 
a 
N.R 
+) — +} — aE 
N.R 
+) — +) — ay) 
N.R 
+| — +} o- ge 
N.R. 
+ +} — + | — | | + 
: During the 24 hours preceding 
| | | the taking of these samples the 
} | | NR sewage Fad been continuously 
a diluted by rain water; for a 
wo) e + = | short yeriod the _ dilution 
amounted to as much ag six 
times. 
N.R. 
+| — a % 
| 
NR 
+ _ +) — + | — a5 .; 
NR 
ar — +] — Gor | 2 AF ai: 
N.R. 
+ +] — ae + = 
| 
NR 
+ +| — + BS |¢ + 
L‘?.M J 
N.R. || 
+ — on age ws B.S Ra 
L P.M J 
NR \ | 
+] — + +) — BS | ¢ + 
L.p.m.| J 
N.R 
+ = +) — +} — B.S.8| 
* LPM. 
LPM.| B.S 
+| — + + 
- BS. 
+/| — + 
L.P.M. 
‘f 
q B.S. 
+) — k + 
L.P.M. 
Ps B.S. | L.P.M 
zh) +) — 4 + | Frevious to sample beiig taken 
NR. the sewage flow had been 
diluted 3 times and upwards 
for 9 hours. 
> aes a gine per lsample at 10 Usually + -001; — *0061 c.c, Neutral-red broth test: 
” ” ; c.c, 10 » ss  100| per (gelatine at 20° C,) 4 samples at 10,000) per 
5 Se ss 2000 [ C.0. i0 wy », 100,000 f c.c, 
1 x 5, 10,000 


Bile salt glucose peptone test; 
1 sample at 10,000) per 
a ae », 100,000 f c.c. 


Lactose peptone milk test: 
1 sample at 10,000) per 
‘9 »» 100,000 f c.c, 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION 
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te 
aw 
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ee 
SS 











Chief Biological! Charac- 

| ach - the cose of B. 

Number of B. Coli (or clogely present in the 
allied forms) in 1 c.c. ee 


Description of the Sample. 





































































































Total N umber of (Primar 
J ‘ y broth cultures (48 hours 
eer aan ETON (TOT Bacteria in 1 c.c. at 37° C.) and subsequent as. |Indol. 
surface gelatine plate method). |= 2 
Time of Collection. | 2 3 
| #2 | 25 
Other Detail:. : ; i 2 ao gs 
ls >.) Gelatine | Agar at age er 
. at 200°. |) 870% s ‘BS 
= os 
| | 
| | 
1 4. | 3.80 p.m. 4 | 4 | 19)2 | Three times diluted by storm water .. | 16,100,000 | 1,680,009 | + — Sie ot: + + 
2 .. | 3.15 p.m. 5 4 | 1902 | Five times diluted by storm water a 2,600,000 270,000 | + — fe a - + 
| | 
| 
| | 
3... | 4.15 p.m. 5 | 4 | 1902 | Seven times diluted by storm water ae 5,200,000 340,000 ae — mp fe alk.| — 
| 
| 
| 
4 .. | 3.0p.m. 2 | 5 | 1992 | Three times diluted by storm water +» | 17,500,000 86 ',000 | + ats ate + + 
| | 
| | 
| 

5 .. | 3.30 p.m. a 1902 | Four times diluted by storm water «- | 34,600,030 | 2,200,000 + ats + + ; + 

6 .. | 1.40 p.m. 2 5 1902 | Six times diluted by storm water +» | 21,100,000 | 2,770,000 + =P + + + 

| 

i 2.5 p.m. 2 5 | 1902 | Five times diluted by storm water +» | 76,500,000 | 1,540,000 + — GP + + + 

| 

S 4) |-k-0 pat 10 10 1902 | Three times diluted by storm water -. | 18,600,000 | 3,049,°00 + * + + + 

* 

9 .. | 12 noon 5 1 1933 | Three times diluted by storm water -. + ce + + + 
RO yf ten Res 1 1903 | Five times diluted by storm water a + + + + + 
11 «| 310p.m. | 5 | 1 | 1908 | Six times diluted by storm water «i + +/—|] +4] 44 

/ ni f 
‘> ee. 2 an § 
24,037,500 | 1,587,-00 | 4 samples at 10,000 et 8 out of 11, both indol 
7 samples at 100,900 f P& °° and clot 
2 out of 11, clot, but no 
| indol 
AVERAGES : 1 ote 11, indo], but no 
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3¢ SAMPLES OF RocaDALE STORM SEWAGES. 














3 


% 


B.S. = Bile-sait glucose peptone 





| 
B. Enteritidis Sporogenes Test. | 
Indol Test Spores of B, enteritidis “Gas” Test, | | 
Indol in broth cultures direct | SPOTogenes (Klein’s “ enteritidis | “Gas” production in gelatin. ; WB, = Neutral: it broth. test. 
(5 days at 37° C). change” in anerobic milk “shake” cultures, 24 hours at | SPM. Damen peptone milk | 
‘ cultures). Cultures heated to 20° C. test. 
80° C. for 10 minutes. ; 5 REMARKS, 


. ol eee I 

1 | 10 ]| 100] 1,000] 10,000] 100,000] 1 100 | 1,000} 10,000| 100,000] 1. | 10 | 100 1,000] 10,000] 100,000] 1} 10 | 100 | 1,000] 10,000) 100,000} 

1 | -1 | 01] -oo1 | -o002 | -o0002 das | == “Z| -1 | -o1f -o01 | -0002 | 00001] 1 | -1 | -o1 | -001| 0001 | -qgoo1 | 
‘we' 








Coy C.C./ C.C.} C.C, | CC. c.c. C.C.} CoC.| C.C.} C.C. | C.C. C.C. | C.C.j C.C.} C.6,} C.c.] C.C. 
































































































































| { 
| 
| | | | | 
} | | | ~ 
| | N.R. 
| eal sh ee +} — ) B.S. | > + 
| | | | | | | L.P.M. \ 
| i | | | 
| | | | | | 
| | | | LPM | N.R. 
+ r -i— | ! + — | ii + a 
| | 
| | 
| | 
N.R. ) 
+ = be ba B.S. 
* + LPM | f nth hes 
| : | NB.) 
He | + ss + + 
| | | 
ea | / 1c.c. of broth cultures (48 hours 
| at 37° C) each containing ‘001 
| | c.c. of storm waters 4, 5, and 7 
NR was injected subcutaneously 
rH + i A ae into three guivea- 
+ pigs (a, bandc). The guinea- 
pigs (a and b) recovered, but 
guinea-pig (c) died within 24 
{ hours, and B. coliwas isolated 
| from its heart’s blood. A 
; . NR. fourth guinea-pig (d) inocu- 
+ + (= : + _ lated with a broth culture 
| representing ‘01 cc. of sample 
6 also died within 24 hours, 
| and B.coli was isolated from 
! its heart’s blood. 
N.R. 
+ | — + |— zs 
N.R. 
+ +|— + = | B.S. |} + 
| L.P.M. 
{ 
| BS.7,/eN: Re! |) 
=F +) — i i aE Ge 
| | L.P.M 
| 
g |. | | These samples were collected 
Ns PW. oie eis = ___ |» after the storm had continued 
bf LE |! for some time. 
| | < | 
| | | 
i | | 
| | | BS. | NR. | 
ae: = a oom aa sy b+} + 
oe L.P.M. 
{ | | 
| 
| | | | | 
3samples at 10 ooo 2samplesat 10 U O15 . 
, er cc. sually + °01; — *001 c.e. (24 Neutral-red broth test ; 
sy, 100,000 f P Ae ae 100 per e hours at 20° 0.) 4 samples at 10,000 . 
a at sain ty AUOLG Pon eee 
ee glucose peptone test : 
4 samples at 10,000 z 
9 vs y. 100,000 per ¢.c. 
Lactose peptone milk test ; 
2samplesat 1,000 
3 p y» 10009 7 der 2.c, 





ie 5 24) 0000 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF 





1 : 2 3 4 





“Chief Biological Charac-_ 
RE one _ is) . the strain of B. 
Description of the Samp Number of B. Coli (or clogel 1 present in the 
allied forms) in 1 ¢.c. Y | number specified in 




























































































Total Number of A Col. 3. 
- Primary broth cultures (48 hours 
Bacteria in Lee. | at 37° C.) and mcs Gas. (nuol.) a) acidity. 
surface gelatine plate method). |: # ail SOP Olt. 
Time of Collection. \2 : JS a 
aon i - 
| Fe] Si |Citmmemite 
Axa oS a 
Other Details. : 1 | 10 100 | 1,000 10,000 100,0003, 8° S21] days at 
Gelatine {| Agar at |-—-~——|——;-——_|_—_ & Me ae 37° C) 
e ° 1 ‘1 | °01 7 ‘001 | -0001 | -00001 | 8 os 
at 20 C°. 37 C*. SS zg = 
6.6. (C.C.iC.G) (C-C.4)) ese ac ISa Ss 
nt ies Se \S-| @ | 
1 he Se _— 24 8 | 1901 | Crude sewage aa he ae 4,360,000 | -- 
+ eee — 26 8 | 1901 | Storm sewage water, No.1 .. 9,760,000 | | + 
Rims | - | 26 & | 1901 | Storm sewage water, No. 2 .. 6,200,000 + 
hia | =— 26 8 | 1901 | Storm sewage water, No.3... ..  .. 5,600,000 + 
5 .. | 4.45 p.m. 21 2 | 1903 | Three times diluted by storm water -- | 7,200,000 + + + + + 
6 .. f 5.30 p.m. 21 2 | 1908 | Three times diluted by storm water  .. | 7,400,000 } + 2 te = Er + 
i 
7,300,000 | 6,480,000 | 1 sample at 10,000 | per 
5 Br 100,000 f c.c. 
AVERAGES: 
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SAMPLES OF Stockport StorM SEWAGE. 




















B, Enteritidis Sporogenes Test. 






















































































rate Fu B.S, = Pile-salt glucose peptone 
7 t 
eet ins hana calees direct sporozenes (kein's “enteritidis “Gas” production in gelatine N.R. = N pall pate oroth vesz. 
(5 days at 87° C). change” in anerobic milk “shake” cultures, 24 hours at | 7 "pyr a Lactose peptone mux 
cultures). Cultures heated to 20° C. teat. ie = 
80° C. for 10 minutes. REMARK 3, 
| | 10 {100} 1,000} 10, 100,000} 1 | 10 | 100} 1,000} 10,000} 100,000) 1 | 10 | 100] 1,000} 10,000) 100,000 10 | 100 } 1,000} 10,000; 100,000 
| — °1 7 O01} °001 | 0001 } -00001 *1 | O1 | 001 | 0001 | 00001} 1 ‘1 | °01 | °001 } ‘0001 | 00001} 1 *1 | °01 | 001 | -0001 | 00001 
€.) 00.) C.C.} C.c. | C.C. .c, C.C.} C.c. | ¢.c. C.C. | C.C.},CC.| C.c.] cc. | cc, | co. | ¢.c, CC. 
Ms es ela ate lta a a a 
+ — 
} 
+ com 
+ — 
24 | 48 72 : 
Previous to these samples (5 
a es es ye = ie Yl ; and 6) being taken the 
ee j sewage was diluted 3 times 
i the dry weather flow for a 
period of |3 hours. From a 
broth culture inoculated with 
24 | 48 79 Ob e-e5 “10f ee 6m B; 
pyocyaneus was isolated. <A 
pas Me hy eS | Pe ae guinea-pig inoculated with 
L.P.M 1 c.c. of a broth culture of 
ais this microbe died on the 
third day. 























a un er a RE Ps 


samples at 100,000 per c.c. 4 sample at 10 per + ‘01; — ‘001 c.c. (24 Lours | Neutral-red broth test: 
, 100 | 
ae) 5, 4,000) °8 » a 100,000 free. 


| 
at 20° C.) | 1 sample at 10,000 \ per 
ete 
| 
| Bile salt glucose peptone test: 
| 2 sampl.s at 100 000 per c.c. 
| 
| 


1 sample at 10,000 \ pe 


| Lactose peptone milk test ; 
| Ty aie een 100; 000if 600, 
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SUMMARY cere RESULTS. * 


TotaAL NUMBER oF BACTERIA. 





























As regards the 
the samples 15 out 
typical B. coli. 














ae Gelatine at 20° C. Agar at 37°'C. : . 
Macclesfield 4 - - - 15,925,000 1,675,000 
Rochdale - - - - - |- 24,087,500 1,587,500 
Stockport. - /) -k) =hawe ine 7,300,000 6,480,000 
AVERAGE - - - - 15,754,166 3,247,500 
B. Cour TEst. 
skal 10,000 100,000 
“Macclesfield — - monje _ 1 sample. 8 samples. | 
Rochdale+- +! < fete ee ba 4 samples. 7 samples. 
Stock port. eae 1 sample. 5 samples... _ ° 
TOTAL - - - - 6 (about 23 per cent.). 20 (about 77 per cent.). esi 





biological ‘attributes of the B. coli (or coli-like microbes) isolated from 


of 21 (about 71 per cent.) were, on the basis of the tests employed 


InpDouL TEsT. 





Macclesfield - 
Rochdale - = 


Stockport - - 





ToTAL - 


10,000. 


- - - 5 samples. 


- - - 3 samples. 


. ¢ - 8 (about 30 per cent.). 











| 





100,000. 


4 samples. | : 
8 samples. 


6 samples. 


18 (about 69 per cent.). 


* Unless otherwise stated the results are given as numbers of bacteria per c.c. of sample. 


N.B—As regards the B. coli, indol, neutral red broth, bile-salt glucose peptone, and lactose peptone milk : 


tests, it should be noted that the tests were not “ pushed™ beyond ;ya/5p5 0-2 
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B. ENTERITIDIS SPOROGENES TEST. 
















































































10. 100. 1,009. 10,000. 
Macclesfield — - 1 sample. | 10 samples. 5 samples. | 1 sample. 
Rochdale - 2 samples. | 7 samples. 2 samples. —~ 
Stockport : 1 sample. | 3 samples. 2 samples. | — 
TOTATs  . - 4 (about 11 7/). | 20 (about 59 7%). | 9 (about 26 7) 1 (about 3 va: 
| 
; NeEutTRAL Rep Brotu Test. 
10,000. | 100,009. 
Macclesfield — - - - 4 samples. 10 samples. 
Rochdale - - - - | 4 samples. 7 samples. 
Stockport - - - - 1 sample. 1 sample. 
ToTAL - = - | 9 (about 33 per cent.). 18 (about 66 per cent.). 
BILE-SALT GLUCOSE PEPTONE TEST. 
| 10,000. | 100,000. 
Macclesfield = - - - | 1 sample. 7 samples. 
Rochdale - - - -— 4 samples. | 2 samples. 
Stockport- » - - - -— | 2 samples. 
Tora - - - | 5 (about 31 per cent.). 11 (about 69 per cent.). 
6225 
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a cormmssuiesidiesieneeieneeiennememnenennenenemneeeneneneneeeneneennnnneenenennnEER EEE aeaeaasasmaasaiaseasaaammaae 


LacrosE Prepront MiiK TEst. 























1,000. 10,000. 100,000. 
Macclesfield - - - = 1 sample. 7 samples. 
Rochdale — - = - 2 samples. 3 samples. 2 samples. 
Stockport = - - - — 1 sample. 1 sample. 
TOTAL - - - | 2 (about 11 per cent.). | 5 (about 29 per cent.). | 10 (about 59 per cent.). 
| 
“Gas” Test (“Gas” IN GELATINE “SHAKE” CULTURE WITHIN 24 HOURS AT 20° C)). 


Macclesfield 
Rochdale 


Stockport 


Nearly all the samples yielded a positive result with from ‘01 to 001 c.c. 





GENERAL 

The results show that storm sewages even when the 

dilution is considerable, and the samples are collected 

some considerable time after the commencement of 
storm, may be most impure bacteriologically. 


From the bacteriological point of view, and in relation 
to the possible discharge of liquids of this sort into 
drinking water streams, it would seem unwise to consider 
storm sewages as much if any purer than the dry weather 
flow of sewage. 


It needs to be remembered that the mere dilution of 
one volume of sewage even with five or more volumes of 
sterile water would leave the mixed liquid grossly im- 
pure from the bacteriological point of view. As a 
matter of fact there is evidence showing that the diluting 
liquid by the time it reaches the sewers is per’ se 
objectionable. 


Moreover, even if it be granted that storm sewages 
may be purer bacteriologically than the dry weather 
flow of sewage, their increased volume must be taken 
into consideration. 


The adequate treatment of storm sewages may be a 


difficult if not an impossible task. Hence some may 


Most of the foregoing results may be 
diagram as appended :— 


REMARKS. 


consider stringent standards in relation to the dry 
weather flow of sewage out of place. Nevertheless, the 
dry weather flow of sewage is a constant, and the flow 
during storms only an occasional source of pollution. 


The effect on a river water of allowing untreated 
sewage (even when diluted six or more times) to dis- 
charge into it is imperfectly known. 


From the bacteriological point of view the problem is 
complex even if the simple case be taken of a river of 
average purity receiving the sewage fromm a single town. 


During a storm the river above the point of discharge 
of the storm outfalls is of larger volume than normal, 
but it may be more impure per unit of volume due to ths 
“washings” of cultivated soils, ete. 


Further, if the sewage be more dilute during storms it 
is also of larger volume, 


Again, if the swollen river carries the impurities to 
the sea it also increases the “zone of potential infection,” 
both longitudinally down the course of the stream, and 
laterally by flooding low-lying lands. The subsiding 
flood water may also carry with it into the main stream 
fresh impurities. 


summarised for comparative purposes in one 
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ADDENDUM II. TO MR. TATTON’S REPORT. 


RESULTS OF THE CHEMICAL ANALYSES OF SAMPLES OF 
MACCLESFIELD, ROCHDALE, AND STOCKPORT 


SEWAGES, DILUTED WITH STORM WATER, 


GEORGE McGowAN. 


Ealing, 


August, 1904. 
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STOCKPORT STORM SEWAGE. 


First SERIES. 





No. OF SAMPLE 


NATURE OF SAMPLE 








Drawn - 


Analysed 


No. 1A. 


Crude settled sew- 
age; “ a fair sam- 
ple of a bad sew- 
age tr eated at the 
works.” 


Saturday, August 
24th, 1901, 10a.m. 


August 27th, 1901. 


Monday, 


No. 1. 


Storm water, drawn 


when flow was 
43 times the dry- 
weather flow. 


August 
26th, 1901, 5 p.m. 


August 27th, 1901. 


No. 2. 


Storm water, drawn 
when flow was 
44 times the dry- 
weather flow. 


Monday, | August 
26th, 1901, 6 p.m. 


August 27th, 1901. 





Parts per 100,000 by weight. 
Ammoniacal nitrogen 
Albuminoid r 
Nitrous = 


Nitric % 


Total nitrog en by Kjeldahl method 
Blank 
«“X” nitrogen - - 


Total Organic nitrogen - 


“ Oxygen absorbed ” from perman- 
ganate at 26°79 C. (80°F.); at once 


3 3 after 4 hours 


“ Oxygen absorbed ” from perman- 
anate by sample incubated for 5 
ee at 26°7° C, (80° F.) ; at once 
Nitrous nitrogen after incubation 
Incubator test (Scudder) 


Incubator test, judged by smell 


Chlorine 
Total solids (gravimetrically) 
Solids in suspension 


Solids in solution - 


Parts per 100,000 by volume. 


Solids by centrifuge 


REMARKS :— 


Jia 


2°54 
0:93 
0:00 


4°86 
(0:23 in 3°75) 

1:39 

2°32 


21°20 


*33°48 


163 


This liquid was pur- 
ple-black, with a 
small quantity of 
sediment. Sew- 
age smell,  to- 
gether with a 
peculiar sour 
smell; alkaline. 


? 


v4) 2°39 
0°65 


0:00 


3°38 
(0°27 in 5:23) 


0°34 

0:99 

2°4) 

TAY 

12:40 

187 
Very turbid greyish 
liquid, with con- 
Sic derable dark- 
grey sediment. 

Sewage smell ; 
alkaline. 


* This figure is too low. 


0°98 
0°43 
0:00 
0-10 


2:17 
(0:23 in -3°38) 
0°66 
1-09 


2°49 
9°44 


7°05 


= (Putrid ; 
blackened) 


4°60 


169 


Muddy in appear- 
ance, with con- 
siderable dark 
brown (almost 
black) sediment. 
No smell ; alka- 
line. 


No. 3. 


Storm water, drawn 
when flow was 
4} times the dry- 
weather flow. 


Monday, August 
26th, 1901, 7 p.m. 


Aaoae 27th, 1901. 


0°72 
0:29 
0°13 
0:23 


1°58 
(0°27 in 2°59) 

0°21 

0°50 


1:50 
4°93 


4°70 


(Putvid ; 
sulphides) 


4°16 


137 


Rather turbid, 
slightly brown 
liquid, but much 
clearer than No. 
1. The sediment 
was _ brownish. 
Soapy smell;alka- 
line. 
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No. oF SAMPLE - 3 


NATURE OF SAMPLE > 





Drawn : 


Analysed - 


STOCKPORT STORM SEWAGE. 


SEconD SERIES, 1903. 





Parts per 100,000 by weight. 


Ammoniacal nitrogen 
Albuminoid ie i 
Nitrous ‘i 


Nitric : ag 


Total nitrogen by Kjeldahl method - - 


Blank . - - 
“xX” nitrogen - 


Total Organic nitrogen 


“Oxygen absorbed” from permanganate at 26°7° C. 


(80° F.) ; at once. 


39 3 ~ 9 


after 4 hours 


‘“ Oxygen absorbed” from permanganate by sample in- 
cubated for 5 days at 26°7° C. (80° F.) ; at once. 


Nitrous nitrogen after incubation 


Incubator test (Scudder) - 


Incubator test, judged by smell 


»-Chlorine - - 


Total solids (gravimetrically) - 


Solids in suspension 


Solids in solution - 


Parts per 100,000 by volume. 


Solids by centrifuge 


REMARKS :— 





No. 4. 


Sewage diluted to 3 times 


the dry-weather flow. 


Sat., Feb. 21st, 1903, 5.15 p.m. 


Feb. 23rd, 1903. 


0°68 
1°27 
0:00 


3°95 
(0°39 in 3:08) 
2:00 
3:27 
7°86 
40°65 


9°72 


~ (Black ; putrid.) 


6°50 


Or 
-~I 
NS 


Brown and very turbid with 


a large quantity of dark 
brown deposit. Sewage 
smell, Alkaline. 


| 
| 


- (Strongly putrid ; 


No. 5 


Sewage diluted to 3 times 


the dry-weather flow. 





Sat., Feb. 21st, 1903, 5.45 p.m. 


Feb. 23rd, 1903. 


0°63 
0°64 


2°22 
(0°33 in 4:29) 

0°95 

159 


5'87 
18°95 


(44 hours) 


black 
sulphides. ) 


8:08 


346 


Almost black-looking when 


the sediment was stirred 
up; the filtered liquid was 
nearly clear, and only 
slightly coloured. A large 
amount of black, gritty 
sediment. Distinct sewage 
smell, Alkaline. 
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MACCLESFIELD STORM SEWAGE, 


First Series, 1901. 





No. oF SAMPLE - : : : - No. 1. No. 2. No. 3. 
NATURE OF SAMPLE - : - - | Sewage, 3 times diluted | Sewage, 3 times diluted | Sewage, 3 times diluted 


with storm water. with storm water. with storm water. 





Sunday, October 6th, | Sunday, October 6th, | Sunday, October 6th, 





Drawn - 
1901, 12.20 noon, 1901, 12.50 noon. 1901, 2.30 p.m. 
Analysed E 3 - - . - - | October 8th, 1901. October 8th, 1901. October 8th, 1901. 
Parts per 100,000 by weight. 

Ammoniacal nitrogen - - - - - 1:20 131 1°73 
Albuminoid _,, 0°38 0°55 0-46. 
Nitrous * = 5 : i = 0:00 at 
Nitric es M 3 : cts ae = 
Total nitrogen by Kjeldahl method - - 2°16 2:40 290 
Blank - - - = - - : : (0°34 in 3°51) (0°30 in 2°05) (0°34 in 4°60) 
“«X” nitrogen 0°58 0°54 O71 
Total Organic nitrogen - - - - 0:96 1:09 117 
‘* Oxygen absorbed” from permanganate at 1°23 1:49 1°22 

26°7° C. (80° F.) ; at once. 

5% i Bd * B after 4 hours 5°99 8°12 5:70 
“Oxygen absorbed”’ from permanganate by — ae _ 

sample incubated for 5 days at 26°7° C. 

(SO° F.) ; at once. 
Nitrous nitrogen after incubation —< = ~ 
Incubator test (Scudder) - - : 2 a= — hee 
Incubator test, judged by smell - 2% = = —- 
Chlorine 3°38 3°70 Not noted. 
Total solids (gravimetrically) = = ae 
Solids in suspension = = 3 
Solids in solution : = id = 

Parts per 100,000 by volume. 

Solids by centrifuge - - - - . 126 186 86 


Turbid and slightly | Turbid, with consider- | Turbid, with consider- 


REMARKS :— é : o ; 
Pi brown liquid, with a able black sediment. able amount of almost 
large amount of dark Futrid smell. Alka- black sediment. Sew- 

grey-brown sediment, line. age smell, Alksline. 


apparently more 

than in No. 6. Sew- 

age smell, but less : 
strong than in No. 6, 

Alkaline. 
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MACCLESFIELD STORM SEWAGE. 
SECOND SERIES, 1901. 
| 
No. OF SAMPLE - - - - - - | No. 4. No. 5. No. 6. 
NATURE OF SAMPLE - - +  - | Sewage, 4 times diluted | Sewage 3 times diluted | Sewage 33 times diluted 
by storm water. by storm water by storm water. 
(coloured by waste 
water from _ dye 
works). 
Drawn - - = - = - - - | Tuesday, Nov. 12th, | Tuesday, Nov. 12th, | Tuesday, Nov. 12th, 
1901, 2 p.m. 1901, 2.30 p.m. 1901, 3.15 p.m. 
ieee ee YS) My. 1. Nov, 13th, 1901, Novy. 13th, 1901. Nov. 13th, 1901. 
Parts per 100,000 by weight. | 
Ammoniacal nitrogen - -~— - | 0-78 0°79 1-03 
Albuminoid i - . - - | 0°36 0°38 0-53 
i \ 
Nitrous A Trace. Trace. | Trace. 
| 
Nitric a - 0.96 1:05 ise 
Total Nitrogen by Kjeldah] method - - 272 2°89 3°63 
blank - - - | (0°30 in 2°29) (0°33 in 4°57 (0°30 in 2°95): 
“XX” nitrogen = - - - - . - | 0°62 0°67 0°69 
Total Organic nitrogen - - - - 0:98 1:05 ; 1°28 
‘(Oxygen absorbed” from pernanganate at 0°79 1°50 1°61 
26°7° C. (80° F.) ; at once. 
”? ” ” ” ” after 4 hours 6°02 774. 9°50 
‘* Oxygen absorbed ” from permanganate by Lost. : 5:06 (six days), 
sample incubated for 5 days at 26°7° C. 
(80° F.) ; at onee. 
Nitrous nitrogen after incubation - - = —s =< 
Incubator test (Scudder) — - Ss “ : ses == a 
Incubator test judged by smell - - - | —(Putrid; blackened; | —(Putrid; strong sul- | —(Putrid; blackened ;. 
sulphides). phide smell). sulphides). 
_ Chlorine - - - - - - 6°12 6°84 7°20 
Total Solids (gravimetrically) — - : - 61-1 =e = 
Solids in suspension (by aif.) - - - 12-7 = =e 
Solids in solution - - ree - - | 484 | oe oe ~ — 
Parts per 100,000 by volume. 
Solids by centrifuge - -  - a sy 98 160 150 


"Note by Works Manager :—‘“‘ During the | Turbid, and of a brown- | Blue or _ blue-black | More turbid and 


24 hours preceding the taking of these ish tint, with con- turbid liquid, but ie 


slightly deeper tint 


samples, the sewage had been continuously siderable  flocculent not containing much than No, 7, and with 

diluted by storm water. For a short brown _ suspended (grevish-black)  sedi- rather more suspen- 

period in the night the dilution amounted matter. Clean smell, ment. A kind of ded matter. Doubtful 

to six times (the dry-weather flow).” Alkaline. scent odour. Alka- smell. Alkaline. 
line. 
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MACCLESFIELD STORM SEWAGE. 


83RD SERIES, 1902. 





No. OF SAMPLE - - : - ° - NOs No. 8. No. 9. 


NATURE OF-SAMPLE - - - Crude sewage, 44 times | Crude sewage, 4 times | Crude sewage, 34 times 














diluted with storm diluted with storm diluted with storm 
water. water. water. 
Drawn - 2 ‘ z - - - | Saturday, January 4th, | Saturday, January 4th, | Saturday, January 4th; 
1902, 2 p.m. 1902, 3 p.m. 1902, 4 p.m. 
Analysed | - - - : - - | January 6th, 1902 | January 7th, 1902 January 6th, 1902 
Parts per 100,000 by weight. 
Ammoniacal nitrogen - - - - - ~ 0°81 0°64 ' 1°54 
Albuminoid > = : ae * - 0°30 0:21 ; 0°35. 
Nitrous £ - - - : : 0:00 0-12 0°13 
Nitric Fe - - : : - 0-15 0:09 0°56 
Total nitrogen by Kjeldahl method — - - 1°75 1:33 
Blank - - - - - - - - (0°26 in 1°54) (0°26 in 2:21) 
“X” nitrogen - - : : See 0°49 0°27 — 
Total Organic nitrogen - - : . 20:79 0:48 — 
“** Oxygen absorbed” from permanganate at 1:10 1:03 1:36 
26°7° C. (80° F.) ; at once. 
>” ” ” ” ” after 4 hours 4°35 3°89 ; 455 
““ Oxygen absorbed” from permanganate by 2-49 { (seven 1°71 (six days) 2:39 { (seven 
sample incubated for 5 days at 26-7° C. \ days) | days). 
(80° F.) ; at once. 
Nitrous nitrogen after incubation - - — -— — 
Incubator test (Scudder) — - - - - -_ ae 
Incubator test, judged by smell - -| —(Putrid; sulphides) ; —(Putrid ; blackened) | — (Strongly putrid ; sul- 
phides. ) 
Chlorine - - - - . - : 3°24 2°70 4°20 
Total solids (gravimetrically) : - - = — — 
Solids in suspension - - - : - — 
Solids in solution - : . : : - — 
Parts per 100,000 by volume. 
Solids by centrifuge - - : - - 109 87 67 
REMARKS :— Turbid and brown, with Turbid, but with con- | Turbid liquid, which 
A a moderate amount of siderably less dark became clear and 
flocculent sediment. brown floceulent sedi- colourless upon stand- 
Clean smell. Faintly ment than No. 10. ing. Considerable 
alkaline. Clean smeil. Alka- amount of brown- 
line. grey sediment. No 


smell. Alkaline. 
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MACCLESFIELD STORM SEWAGE. 
FourtH ‘SErRrEs, 1902. 
No. OF SAMPLE - - No. 10. No. 11. No. 12. 
NATURE OF SAMPLE - - Sewage 3 times | Sewage 4 times | Sewage nearly 6 
diluted, 7#.e., 1 diluted, i.e, 4 times __ diluted, 
vol. sewaze and times the dry- i.e., 6 times the 


2 vols.rain water. 


Drawn - - Tues., July Ist, 
1902,.2.45 p,m. 
Analysed - - - - July 2nd, 1902. 








Parts per 100,000 by weight. 


Ammoniacal nitrogen - - 


4:08 |5 drops 
a,CO,Aq. 
Albuminoid  ,, - ene added 
Nitrous 55 — 
Nitric 3 : : 7 a 


Total nitrogen by Kjeldab] method 6°34 
Blank - - - (0°33 in 4°94 
“X ” nitrogen - - 1-15 
Total organic nitrogen - 2:26 
“Oxygen absorbed” from_per- 4°67 
manganate at 26°7° C. (80° F.) ; 
at once. 
A a after 4 hours 15°70 
“Oxygen absorbed” from_ per- 
manganate by sample incubated 
for 5 days at 26°7° C. (80 F.); at 
once. 
Nitrous nitrogen after incubation- = 
Incubator test (Scudder) A - os 
Incubator test, judged by smell -- 
Si el 10-90 
57°9 vol. 
Total solids (gravimetrically) iglh! 


\ 64.0 non-vol. 


Z 1 /45°9 vol. 
Solids in suspension - 58 1{ 15-0 non ral. 
& 63:8 f 120 vol. 


Solids in solution - . \51'8 non-vol. 


Parts per 100,000 by volume. 


Solids by centrifuge 254 


Milky, with a large 
quantity of 
brown sediment ; 
opalescent when 


REMARKS :— 


filtered. Faint 
sewage smell. 
Alkalin e. 





weather flow. 


Tues., July 
1902, 3 p.m. 


Ist, 


July 2nd, 1902. 


14°39 
(0-41 in 11°94) 
5-99 
9-20 


12-95 


35°90 


11°88 


of 143°4 vol. 
oe (192°8 non-vol. 
o1e.ef 105°4 vol: 
246°3 \140°9 non-vol. 


38°0 vol. 


89°9 51°9 non-vol. 


Too coarse. 


Very foul liquid, 
containing a very 
large amount of 
course black sedi- 
ment, which ren- 
dered sampling 
difficult. Sewage 
smell. Alkaline. 


dry weather flow. 


Tues., July Ist., 
1902, 3.15 p.m. 


July 2nd, 1902. 


3°41) 5 drops 
Na,CO,Aq. 
4°07) added. 


11-64 
(0°33 in 8-79) 
416 
8-23 


10°83 


37°24 


~I 
on 
a 


310°3f 182°0 vol. 


.g {117°9 vol. 
~ {140-9non-vol 


~ fl4eL vol; 
¥5l 5{ p74 non-vdi, 


+258 


Too coarse. 


Very turbid, with 
a very large 
amount of coarse 
black sediment. 
Strong sewage 
. smell. Alkaline. 





(178°3 non-vol. 


No, 13. 


Sewage 3. times 
diluted, te, 3 
times the dry- 
weather flow. 


= Bennet 
sar er 
tee 


Tues., July} Ist, 
1902, 4 p.m. 


July 2nd, 1902. 


1°55 
0-91 


3-48 
(0°41 in 3-20), 
1-02 


1:93 


SAH LOsh Vol: 
46:4 ee non-vol. 


Not so foul as No. 
14, though with a 
sewage smell], A 
large amount of 
black sediment, 
though again not 
nearly so much as 
in No. 14. 


Neen eee Eytan nSSInSnEnnnS SISSIES EERE 


* Done on July 9th. 
6225 


+ Done on July 9th; therefore approximate. 
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MACCLESFIELD STORM SEWAGE. 


FIrry AND SIxtH SERIES, 1902-3. 











No. OF SAMPLE -~— - - Qj- No. 14. No. 15. No. 16. No. 17 
NATURE OF SAMPLE - Sewage diluted 5 | Sewage diluted 4 | Sewage diluted 3 | Sewage diluted to 
times. times. times. 43 times the dry- 
weather flow ; fur 
: 9 hours re- 
viously the sewage had been diluted to 
3 times the normal; heavy rains on the 
5th and 6th had flushed out the sewer-. 
Drawn - - - = - : | Thursday, July | Thursday, July | Thursday, 2 uly | Wednesday, Jan. 
10th,, 1902,,) 12 10th, 1902, 1.15 10th, 1902, 2.30 uary 7th, 1902,. 
noon. p.m. p-m. 3°30 p.m. 
Analysed - - - - - | July 12th, 1902. July 12th, 1902. July 12ch, 1902. January 8th, 1903, 





Parts per 100,000 by weight. 


Ammoniacal nitrogen - . - = 
-Albuminoid * - : : x 
Nitrous # 2 : = 
‘Nitric 3 = : = 

’ Total nitrogen by Kjeldahl method 4 
Blank - - - - - E 41 in 2°50) 


“«X” nitrogen - . - - _- 


Total Organic nitrogen - - — 


~** Oxygen absorbed” from per- l 
manganate at 26°7° C. (80 F); 
at once 


= = B after 4 hours “44 

“Oxygen absorbed” from_ per- 
manganate by som incubated 
for 5 days at 26°7° C. (80° F.) ; at 
once. 

Nitrous nitrogen after incubation 

{neubator test (Scudder) : - 


Incubator test, udged by smell - | Very putrid; sul- 


phides, 
Chlorine - . - - - == 
Total solids (gravimetrically) - | 152°8 teat abe 


(31°6 vol. 


1410 | 109-4 non vol. 


‘Solids in suspension - . 


11°8 f34 vol. 


Solids in solution - E = \ 8:4 non-vol. 


Parts per 100,000 by volume. 


Solids by centrifuge = - - - Too coarse. 


Turbid, greyish-yel- 
low liquid, with a 
large amount of 
blackish - brown 
eritty sediment. 
Soapy smell; al- 
kaline. 


REMARKS :—- 


1:56 
(0-41 in 1°66) 


1°42 


Putrid ; sulphides. 


{16°6 vol. 
(41°3 non- vol. 


f 


eo 


Or 


_, £13°4 vol. 
ele \ 28-0 non-vol. 
(3-2 vol. 


— \13°3 non-vol. 


Too coarse. 


Clearer and _ less 
coloured than 
No. 17; and with 


considerably less. 


sediment (which 
was rather floc- 
culent). | Soapy 
smell; alkaline. 





1:70 
(0°41 in 1°77) 


0°99 


42 


Putrid ; sulphides. 


_— 


: 13°6 vou. 
55°3 15 


1-7 non-vol. | 


7°2 vol. 


ald hae non-vol, 


6/4 vol. 


242 ees non-vol. 


Too coarse. 


Turbid, yellowish 
liquid like No. 
17, but with less 
sediment, which 
was partly floc- 
culent and partly 
ritty. Soa 
aay atextine ¢ 


0°48 
Ort 
0-00 
0-0 


1:37 


(9:33 in 2°57) 


2°20 


126 


Brown turbid li- 
quid, but qvite 
clear when fil- 
tered ; a  con- 
siderable amount 
of dark floceulent 
and gritty sedi- 
ment. No smell; 
alkaline. 
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ROCHDALE 


No. OF SAMPLE - 


NATURE OF SAMPLE - : : és 


Drawn - - - - : - 


Analysed — - : - : 2 : 


Parts per 100,000 by weight. 


Ammoniacal nitrogen - - - - 


Albuminoid ma - - - 
Nitrous m - - - ‘ - 
Nitric 69 = = > : : 


‘Total nitrogen by Kjeldabl method = - - 
Blank - - - - : 2 2 
X” nitrogen” - - - - 


Total Organic nitrogen - - = . 


en absorbed” from permanganate at 
C, (80° F.) ; at once. 


ro" 
JID 
o 


<*Oxy 
26°7 


after 4 hour's 


” 39 9 ” ” 


Oxygen absorbed” from permanganate by 
sample incubated for 5 days at 267° (. 
(80° F.) at once. 


Nitrous nitrogen after incubation - 
{neubator test (Scudder) — - : : 


Incubator test, judged by smel. - S , 
“Chlorine - - ‘ - : - 

‘Total solids (gravimetrically) —- 

Solids in suspension~ = - - 

Solids in solution - 2 : 


Parts per 100,000 by volume. 


Solids by centrifuge - - - S 


REMARKS :— 





warts 


STORM SEWAGE. 


First SERIES, 1902. 


Sewage, 3 times diluted 
by storm water, 1.¢., 
1 vol. of sewage and 
2 vols. of rain water. 


Friday, April 4th, 1902, 
5.30 p.m. 


April 5th, 1902. 





1:24 
0°58 
0:00 
0°32 


2-92 
(0°38 in 2°72) 
0-81 
1:36 


3°15 


11°39 


Very strongly putrid. 


7°30 


9, | 39 5 vol. 
oa I \ 48°7 non-vol. 
on fli vol. 
ots (12-4 non-vol. 
f21°6 vol. 


57°9 4 36-3 non-vol. 


94 


Greyish brown turbid 
liquid, with a smell of 
soap-suds. Not very 
much sediment, which 
was blackish. Alka- 
line. 








No. 2. 


Sewage, 5 times diluted 
by storm water. 


Saturday, April 5th, 
1902, 3.15 p.m. 


April 7th, 1902. 


0°85 
0:59 
0°02 
0-13 


2:23 
(0°35 in 1°88) 
0°64 
1:23 


4-1] 


10°33 


Blackened ; putrid ; sul- 


phides, 
3°72 


ip f 15'0 vol. 

40°6 | 25°6 non-yol. 
oo f 95 vol. 

ee (13:7 non-vol. 


f 5:5 vol. 


Ey eh romancrol! 


480 


Very tarbid and dark 
brown in colour, with 
a large amount of 
black sediment; very 
slight tarry smell. 


No. 3 


Sewage, 7 times diluted 
‘by storm water. 


Saturday, April 5th, 
1902, 4.15 p.m. 


April 7th, 1902. 


2°66 


—_ 
o> 
ww 


(0°35 in 229) 
0°78 
1-41 
4:99 


13°49 


So Sa 


Blackened ; putrid ; sul- 
" phides. 


4 t 8:9 vol. 
MBS (31°5 non-vol. 


7 f13°5 vol. 
33°7 (20-2 non-vol. 
5°4 vol. 


16°7 fits non-vol. 


Very turbid and dark 
brown, with appar- 
ently rather more black 
sediment than No. 2. 
Very slight tarry smell. 
Allxaline. 





No. OF SAMPLE - : = $ 


NATURE OF SAMPLE - - : 


Drawn - . . - - 
Analysed - - - - 
Parts per 100,000 by weight. 


Ammoniacal nitrogen - - - 


Albuminoid . : - - 


Nitrous ‘3 - : 2 

Nitric + 5 = “ 

Total nitrogen by Kjeldahl 
method. 

Blank - - : : 2 


“X’”’ nitrogen - - - 

Total Organic nitrogen - 

** Oxygen absorbed’ from perman- 
ganate at 26°7°C. (80° F.); at 
once. 

after 4 hours 


93 3% ” ” 9? 


‘¢ Oxygen absorbed ” from perman- 
ganate by sample incubated for 
5 days at 26°7°C. (80°F.) ; at once. 


Nitrous nitrogen after incubation - 
Incubator test (Scudder) - 


Incubator test judged by smell - 


Chlorine - - - 


Total solids (gravimetrically) 
Solids in suspension - - 
Solids in solution - 

Parts per 100,000 by volume. 


Solids by centrifuge 


REMARKS: = 


ee A 
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ROCHDALE STORM SEWAGE. 


SECOND SERIES, 1902. 


No. 4. 


times the dry- 
weather flow. 


1902, 1.40 p.m. 


May 5th, 1902. 


0:00 


6°61 


(0:38 in 10-97) 
3°76 
4-99 


Putrid,but not very 


bad ; blackened. 
(May 24th.) 


4°22 


f 121-4 vol. 


4 f 112-2 vol. 
366°4 | 254-2 non-vol. 


s4-ef 9°2 vol. 


Not done. 


Very dark, almost 


black, turbid 
liquid, The liquid 
itself was brown 
when the _ sedi- 
ment had set- 
tled. Very large 
amount of sedi- 
ment, which evi- 
dently consisted 
in part of ferrous 
iron, as it turned 
brown on stand- 
ing. Tarry smell. 
Alkaline. 


\279°8 non-vol.| 161'3 


‘of 
i ys 76°8 non-vol. 


\_ 25°6 non-vol. 


Very turbid 


No. 5. 


Sewage diluted to 6 | Sewage diluted to 


5 times the dry- 
weather flow. 


Friday, May 2nd, | Friday, May 2ad, 


1902, 2.5 p.m. 


May Sth, 1902. 





1°33 
1:07 
0:00 
0-00 
3°73 
(0°35 in 5°77) 
1°33 
2°40 


4°71 


ened ; strong sul- 
phide smell. 


4°74 


f 56°8 vol. 


47-2 vol. 


9°6 vol. 


37'3{ 27°7 non-vol. 


and 
black, but the 
filtered liquid 
almost colourless. 
Much coarse 
black sediment. 


Slight sewage. 


smell. Alkaline. 





\ 104°5 non-vol. 


145°1{ 


Ver 


No. 6. 


Sewage diluted to 
4 times the dry- 


weather flow. 


1902, 2.30 p.m. 


May 5th, 1902. 


1:40 
1-26 
0-00 
0-00 
4-09 


(0°35 in 6.30) 
1°43 
2°69 


putrid; sul- 
phides, 


4°94 


( 89:0 vol. 


69°4 vol. 
75°7 non-vo 


53-2 { 19°6 vol. 


464 


turbid and 
whitish in ap- 
pearance, from 
what was appa- 
rently —_ precipi- 
tated sulphur, 
Very _ consider- 
able black sedi- 
ment, not so 
coarse ‘as in No. 
5. Slightly sour 
smell. Alkaline. 


ioe (109-3 non-vol.' 


uf 70 vol. 
1. 40-4 {5 


{| 33:6 non-vol. ins 


88-4 { 


No. 7. 


Sewage diluted ‘to © 


3 times the dry- 
weather flow. 


Friday, May 2nd, | Friday, May 2nd, 


1902, 3 p.m. 


May 5th, 1902. 





1-24 
0-49 
0-00 
0-08 
2°54 


(0°38 in 4-45) 
0°73 
1-22 


4-76 


11:02 


Very putrid ; black- | Blackened and very | Blackened ; putrid ; 


sulphides. (Ma 
24th.) r 


(a) 7°08, (6) 7°00. 


28°8 vol. 
59°6 non-vol. 


3°4 non-vol. 


21:0 vol. 
26°2 non-vol. 


Not done. | 


Greenish and turbid 


soapy - lookin 

liquid, with 4 
considerable 
amount of dark- 
coloured sedi- 
ment. Soapy 
smell. Alkaline. 
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No. oF SAMPLE - a - 


NATURE OF S4MPLE- 


Drawn .« - “ 


LEO ees © 06 


Parts per 100,000 by weight. 
Ammoniacal nitrogen -- -— - 
Albuminoid _ : . : 
Nitrous ia 4 
Nitric a ee |. 


Total nitrogen Kjeldahl 
method. 


Blank - = = : = z 


by 


GO 
Total Organic nitrogen : 
**Oxygen absorbed” from_per- 
manganate at 26°7° C. (80° F.); 
at once. 
after 4 hours 


” 3? 33 


** Oxygen absorbed” from perman- 
ganate by sample incubated for 
5 days at 26°7°C. (80°F .) ; at once. 


Nitrous nitrogen after incubation 
Incubator test (Scudder) : 


Incubator test, judged by smell - 


Chlorine . : = 2 : 


Total solids (gravimetrically) : 

Solids in suspension - - 

Solids in solution - ws - 
Parts per 100,000 by volume. 


Solids by centrifuge = - 


REMARKS :— 


ROCHDALE STORM SEWAGE. 


THIRD AND FourtH SERIES.—1902-3. 


No. 8. 


Sewage diluted to 
3 times the dry- 
weather flow. 


Friday, October 
10th, 1902, 1 p.m. 


October 13th, 1902. 


(0°40 in 4°10) 


or 
1 
bo 


a) 
lo 2) 
oS 


(52°6 vol. 


2 \74°3 non-vol 


SOU leoroLvOl 
le {i34 non-vol, 


{17-3 vol. 


ee \ 31-2 non-vel. 


3938 


Greyish-black tur- 
bid liquid, with 
a considerable 
amount of grey- 
black floceulent 
sediment. The 
filtered — liquid 
was almost clear 
and colourless. 
Putrid smell. 
Alkaline on boil- 
ing. 


= 





* The very large solids were rejected. 





No. 9. 


Sewage diluted to 
3 times the dry- 
weather flow. 


Monday, January 
5th, 1903,,.12 noon., 


January 6th, 1903. 





1 -48 
0°65 
Doubtful trace. 


2°85 


(0°32 in 2:26) 
0-72 


1:37 


3°15 


14°42 


Very putrid and 
blackened. 


4°10 


Sorat 308 vol. 

8 6{ 47°8 non-vol. 
of 122°4 vol. 

Sh 8{ 158 ‘4 non-vol. 


yal bret ya ¢ 
2] 3{ 19-4 non-vel. 


Very black, with 
considerably 
more black sedi- 
ment than No. 
11. Soapy smell. 
Alkaline. Grit 
up to 0°3 m.m. 
lovg ; aggregated 
solids and fibre 
too large to 
measure (micro- 
scopically) 


No. 10. 


No. 11. 


Sewage diluted to | Sewage diluted to 


5 times the dry- 


weather flow. 


Monday, 
5tb, 1903, 2 p.m. 


January 6th, 1903. 


0°76 
0°57 
0°00 
0.00 
2°18 


(0:33 in 3-44) 
0°84 
1-41 


4:12 


12-06 


2°60 


125°8 f79°0 vol. 


108°1 { 75°8 vol. 


17-7 {32 vol. 


Solids too coarse 
for the centrifuge 
tube. 


Very turbid brown 
liquid, but clear 
when filtered. A 
large amount of 
coarse, black, 
gritty and floceu- 


Tent sediment. 
Distinct odour of 
tar. Alkaline. 


January | Monday, 


\ 46°8 non-vol. 
\ 32°3 non-vol. 


(14:5 non-vol. 


3 times the. dry- 
weather flow. 





January 
5th, 1903, 3.10 p.m. 


January 6th, 1903. 


0:42 

0°40 
Trace. 
Trace. 


2°01 


(0°32 in 1°69) 
1:19 


Very putrid and 
blackened. 


1°68 


+204 


Very black, with 
much _ fibrous 
black sediment. 
Soapy smell. 

akan There 

were very large 
fragments (micro- 
scopically) of 
solids and of 
fibre; the grit was 
not quite so large 
as in No. 9. 





+ The large solids were again reject“d. 
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APPENDIX 





NOTES py Dr. McGowan on THE FOREGOING ANALYSES. 





It will be seen from Mr. Tatton’s Report that nearly 
all the samples examined have been drawn on the 
ascending curve of the storm, the dilutions ranging 
between three and seven times the dry weather flow, in 
the majority of cases three to four times. In quality 
these storm sewages might be classed as varying between 
exceptionally strong and very weak sewages, nearly half 
of them being weak, and the remainder medium to 
strong. A few of them contained extraordinary amounts 
of suspended solids (up to 366 parts per 100,000), other® 
only small quantities. When the samples came to be 
analysed, about two-thirds of them were more or less 
inoffensive as regards smell, the remaining third having 
a sewage odour. Fully half of them were subjected to 
the incubator test, with the result that they became 
putrid ; and no doubt all the others would have done 
the same. In comparing sets of samples drawn on the 
same day, at intervals during the storm, it was seen 
that the liquid might continue to be bad during a flow 
of two or three hours—za point of great importance. 


The results are sufficient to emphasize the necessity 
for settling and treating storm waters up to the limit of 
dilution that a sewerage system may reasonably be asked 
to provide for. 

It will be observed that all the samples were exa- 
mined as a whole, i.e, without a preliminary filtration 
through paper. Tora back on the results, it would 
have been well if some, at least, of these storm waters 
had been settled or, perhaps, filtered through paper 
before being analysed, with the object of seeing how 
much of the impurity present was due to suspended 
solids alone. Samples No. 2 (Stockport), and Nos. 4 
7, 8, 9 and 17 (Macclesfield), had a clean smell on 
the day of analysis, and quite possibly some of the 
others may have been inoffensive as regards smell at the 
time they were drawn. 


G. M. 
Ealing, August, 1904 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


SUPPLEMENTARY VOLUMES PRESENTED WITH THE 
FIFTH REPORT 


OF 


THE COMMISSIONERS 


APPOINTED TO INQUIRE AND REPORT WHAT METHODS OF 


Treating and Disposing of Sewage 


(IncLupInG ANY Liqguip FRoM ANY Factory oR MANUFACTURING PROCESS) 


MAY PROPERLY BE ADOPTED. 


APPENDIX VIL. 





REPORT 
BY PROFESSOR LETTS AND DR. W. E. ADENEY, ON THE 


POLLUTION OF ESTUARIES 
AND TIDAL WATERS. 


Presented to both thouses of Parliament by Command of His Majesty. 








— 








i ON. DOCK: 
PRINTED FOR HIS MAJESTY’S STATIONERY OFFICE, 
By WYMAN & SONS, Limrtep, 109, Ferrer Lanes, E.C. 


And to be purchased, either directly or through any Bookseller, from 
WYMAN anp SONS, Limrtep, 109, Ferrer Lane, Furer Street, E.C.; and 
32, ABINGDON STREET, WESTMINSTER, S.W.; or 
OLIVER anp BOYD, TwrEEppAaLe Court, EDINBURGH; or 
EK. PONSONBY, 116, Grarron Street, DUBLIN. 


1908, 


[Cd. 4284. | Price 9s. 7d. 











an recchein ‘ 
a * — - re hover er ote ~Sapgne = 


wTAROTAIC TOAWRE 4O HOTEL OO ee 


ir, 
. 





Arerer: 


HY HIEW, darvasiag Binelie : HA 
tr LOGS a ATE 


es  eeldasina es 


So $3 Fagplert ae 


ae 1 0T88EMMOO 


Doak rc 


AU UTS, "CATES PSOE Coe 0 


eee. Nase | IME 


eoawoe 10 gnigogei@h 


_ b say ‘ee 
a 1 


iOATDRATE 1 Vara Te eos CORT Pae® 
TXTEOCA “Ha? CHFORT TA 2 
Ms ; 


ee Rares ae 



















‘ ot by 5x oO = sr x 
SHT “HO VYeSReaGa 3 WAG CUA eTTal fl 


CAIAAUTeS AO AOFTE “Us: 
_ eAATAW JACIT | au 


es eheneieiiabeiinmeeee cee ~ rhe: = See ene Mae 


levitate onammen’ a maa 1. cent 


a 
eA a Rt a i Sey east: sect Geet pe tel er ee 


pes fsa ‘“ are fay y 
Pee ee pe ee 
ned geal Salk: neg rien i 
’ nto, oe WH ws aye , 
4 hd 
SUA are 


E se ae taAte 
Sty 


iii. 


TABLE OF CONTENTS. 


INTRODUCTION and general scope of the Report —- “.) . - - ‘ S 


SECTION 1. 


GENERAL CONCLUSIONS - - - : 


ADDENDUM TO SECTION I. 


APPENDICES. 


INDEX 


Nature and Rate of the Chemical Changes which occur in Polluted Fresh and 
Waters : and the Rate of Aeration of Fresh and Salt Water (Adeney) _— - - 


Nuisances caused directly by Sewage (Letts) - ; . : - 3 - 
Nuisances caused by certain Green Seaweeds, and indirectly by Sewage (Letts) 
The Effects induced by Different Methods of Sewage Purification (Letts) : - 
The Pollution of Water in relation to its Effects on Fish (Lefts) - 

Methods employed in Field Work (Letts) - - - : - ‘ . = 
Examination of Selected Localities where the Tidal Waters are polluted :— 

A. The River Lagan and Belfast Lough (Lefts) 

B. The Estuary of the River Liffey (Dublin) (Adeney) 2c eg eee 
C. Preston and the River Ribble (Letts) _ - - - : : 

D. The River Humber and its Tributaries (Adeney) 


EH. The Manchester Ship Canal (Adeney)  - 2 : : - : ; - 


F. The River Eden and Carlisle (Adency) - - 

G. The Estuaries of the River Plym and Tamar, and Plymouth (Adeney) 
H. The River Thames (Adeney) - * = : - : ’ 3 
I. The River Usk, and Newport (Mon.) (Zeits) 


J. The River Severn at Gloucester (Lefts) - 4 cs - : 
K. Falmouth and neighbourhood (Letts) - - - : . z : - 
L. Southampton and Southampton Water (Lefts) - : 2 : : 

M. Teignmouth (Leéts) - - - : : : ‘ 3 . : . 


N. Chichester (Letts) Z 2 


Limits of Fouling (Adeney) — - 4 : ~ . : 


Replies to Circular Letter to Medical Officers of Health — - : 2 F A 


Capacities of Fresh Water and of Sea Water to bear Pollution within 


PAGE 


Salt 


139 


- 401 


407 


Some Observations on the Effects of the Discharge of Boe C as Sludge into a Tidal 


Estuary, by GILBERT J. FowLER, D.Se., F.L.C. : 


6225—Ap. VI. 1,2 0—Wt. 9302. 9/08. Wy. &S. 3562r, 


555 


- 559 


FOA4 : Pas / “ oe 

CE OY eo eo © as Oe troqedt.edtto eqnoetm Aa 
Sia i dest haduhod £ WY ola hel ihe 3 ned instead ad? jo ¥ 

2 nae "Yonge, ) seta Wage Rae fon 3 ko note to adel od 


Bs | othe d } "ag sachin smith 1 ahoslin’ sai oo 


3 reas < ” pA . a | - > ty ae a eae Fe en 


we ; a at 
att ie - ge 38 Gans eels wae 


a hs om.” oes gir ean a 
























BTUAA mH a) TO SIA 


i opewet ad hheba eae ssbeuwanie sm) men é hoe 


oe (cttoh) dah mo coop of ot ete at wae 
“so: | on 450! lei L ek i: 
../ beinliog eae ft Jeislbonks 
ice Gate) geod derail nd 


~ Gens} daileb pagal sal oft io 4 


: a 
3 a Pave oi a a 
% ry j , : ae ‘ 


fs . 
5. iss f +e 
“of 


4 


7 ’ : ' Ps ¥ wae ee Bh A ea oa 


a 


ThG. > arsorniy va ane Le bagac atest! hes avy 29 iid ues es 


~~ 


“ie a, 


: . < . , as x ial 
= ; 0 - . ~ <eye dy papas Uh tr 


is ‘st Sogn “2 rn 


- 


(Pr. = 


? = «4 oud 


cae es 


cuLid vote wearin 
reo: 


CH ’ a) “4 +* e pedir 


~~ hy o3st ‘leg 





“ 


STANDARDS FOR TIDAL WATERS. 
INTRODUCTION AND GENERAL SCOPE OF REPoRT. 
In presenting this Report we desire to make the following observations :— 


When we were requested to draw up a Report on the question of Standards for Tidal 
Waters in relation to Offensive Putrefaction and Injury to Fish, we did not anticipate 
any serious difficulties in the matter, nor did we think that any considerable period of 
time would be required for the work. ; 


Much had apparently been done on the subject both in this country and abroad, 
and the mere collection and collation ofthe known data was, relatively speaking, a simple 
matter. 


We soon found, however, that if our Report was to have any real or lasting value, 
a great deal more was necessary than a carefully prepared review of the then known facts ; 
for when these were collected and arranged they were found to leave us scarcely beyond 
the margin of the subject, and face to face with a number of questions which demanded 


investigation. 


The nature and rate of the chemical changes occurring in river and sea water, when 
polluted by sewage or by trade wastes, with the attendant loss in dissolved oxygen; the 
allowable limits of pollution with safety to fish life; the rate at which river and sea water 
can take up fresh oxygen from the air and become re-aerated after de-aeration by pollution ; 
the nature and causes of the chemical changes by which nuisances originate either directly 
from sewage pollution of the waters or the bed of a tidal locality, or indirectly from sewage 
pollution of the water by the growth and subsequent decay of green seaweeds, are among 
the more important of these. 


We have, as a consequence, found it necessary to exceed our instructions, and to 
submit certain of these questions, as well as some others, to experimental inquiry. This 
has required a considerable expenditure of time, and therefore the presentation of our 
Report has been delayed. 


In order to ascertain, as far as possible, what was being done by towns situated 
either on tidal rivers, estuaries, or on the coast, as regards the disposal of their sewage, 
and the experience which they had gained, we addressed a number of questions on the 
subject to the Medical Officers of Health of numerous towns in the United Kingdom, 
with the kind assistance of the Secretary of the Commission, Mr. F. J. Willis. Their 
replies have furnished some valuable information, which will be found recorded in an 
Appendix to this Report. 


At an early stage of our inquiries we found it advisable to inspect a certain number 
of Estuaries in England, which might be regarded as typical of the three different classes 
into which tidal waters, we think, should be grouped according to the natural facilities 
which they present for the transport or disposal of sewage matters, and to investigate 
the effects of sewage pollution upon the aeration of their waters, and upon the growth of 
certain green seaweeds. This we did in the summer of 1904, and the result of our 
observations will be found in the Section on “ Selected Localities where the Tidal Waters 


are Polluted.”’ 


In the same section we also describe more detailed and thorough examinations than 
were possible in these cases of the waters of two tidal localities in Ireland, namely, Belfast 
and Dublin, which, owing to circumstances which need not be specified here, we had 
been respectively called upon to investigate as completely as possible—one of us as regards 
the Liffey from Dublin to the mouth of the estuary, and the other in relation to the treat- 
tnent of the sewage of Belfast and its effects on the Lough. 


We regret that with the time at our disposal it was not possible to examine any tidal 
localities in Scotland, and especially Glasgow and the estuary of the Clyde. 
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While we have endeavoured to make our Report as complete as possible, it is scarcely 
necessary to say that there are many points connected with the pollution of tidal waters 
which still require investigation. The whole subject has, in fact, received comparatively 
little accurate study until recently, but its importance is becoming more and more 
apparent. , 


* * * * **k * 


While in some respects the pollution of tidal waters involves the same disadvantages 
and dangers as that of non-tidal waters, and while these may be traced to similar 
chemical or physical causes, there are certain very distinct points of difference between 
the two classes of pollution to which attention may be drawn. 


‘ea In the first place the pollution of an estuary does not involve the question of patho- 
zenic organisms in relation to a water supply used for drinking or other domestic purposes. 


Secondly, there are the effects of tidal action, which twice in the 24 hours causes an 
outward flow of the polluting matters, either into, or at least towards the open sea, where 
the dilution may be so great that for all practical purposes these substances are dissi- 
pated, the estuary bed being well scoured during the period of ebb, and parts of its sur- 
face freely exposed to the purifying effects of the air, these actions being followed later 
by corresponding inflows of more or less pure sea water, the estuary being thus sub- 
mitted by nature to the alternate effects of scour and flush. 


The extent, however, to which the polluting matters will be driven out to sea, or so 
diluted as to become innocuous, must obviously depend upon a variety of circumstances, 
among which the most important are the configuration, and more particularly the length of 
the estuary, the height of the tidal wave, the volume of the sewage, and the amount of 
land water passing downwards—this last in the case of a long and narrow channel being 
no doubt the chief determining factor in the transport of the sewage towards the sea. 


If, in such a case, the flow of land water is relatively small, the sewage may be driven 
seawards only very slowly, the main quantity, supposing it to be discharged on the ebb 
tide, being carried down the estuary a certain distance only, and then driven back again 
by the flood until it approaches the outfall, from which another charge of sewage is added 
as the tide falls again. Thus, a certain region may exist where the estuary is always 
extensively polluted with sewage owing to tidal oscillations, a “‘ Sewage Zone ”’ as it has 
been termed, which in addition to other harmful effects may act as an effectual barrier 
to the upward or downward passage of migratory fish. 


This zone will be driven higher up the estuary as the tidal range increases from neaps 
to springs, and may be carried to a considerable distance above the outfall. 


Another point which must not be lost sight of in contrasting the effects which may 
be produced by mixtures of sewage with fresh water and with sea water respectively, but 
which appears to have escaped general attention, is that the two media, 1.e., fresh water 
and sea water, dissolve very different quantities of oxygen when fully aerated at the 
same temperature, sea water containing nearly 20 per cent. less than fresh water. 


But, on the other hand, it has been found as a result of one of the investigations that 
have been specially made for this Report, that sea water becomes re-aerated after de- 
aeration by pollution, nearly three times more quickly than‘river water under like con- 
ditions. 


The discharge of crude sewage into the open sea, so extensively resorted to as the 
means of disposal in many of the chief watering places situated on our coasts, involves 
somewhat different considerations from those attending the pollution of estuaries. 


In such cases, and with a properly situated outfall, the extent of dilution is often so 
large as to preclude all possibility of a nuisance occurring, and the tidal currents are as 
a tule sufficiently strong to remove and dissipate the polluting matters without fear of 
their return, or of their deposition in dangerous proximity to the shore. 


3 


But while the discharge both of crude sewage and jtrade effluents into estuaries or the 

open sea may in many cases be both economical and safe, in others it leads to evils of 
various kinds, some of which are apparent and direct, while others are more obscure and 
of an indirect nature. 
If the estuary is small and the volume of sewage large, a nuisance may arise of the 
same nature, and mainly from the same causes as that of an inland stream. In other 
cases, where the estuary is relatively large, but the tides sluggish, a nuisance may be 
indirectly caused by the growth and subsequent decay of masses of green seaweeds. 


Deposits of sewage matters may be formed, which actually interfere with naviga- 
tion and which have to be dredged away at considerable expense ; or these deposits 
‘may remain at the margins of the estuary, where they are not only unsightly and evil- 
‘smelling, but also dangerous to public health. And again, in certain cases sludge deposits 
may be formed in the neighbourhood of submerged outfalls, the presence of which is not 
even indicated in calm weather, but which are disturbed and washed onto the shore 
during gales. 


The pollution of an estuary may lead to harmful results of a different character. 
Fish, such as the migratory salmonidw, may either be hindered or actually prevented 
from ascending or descending the rivers ; while it has been stated that even sea fish may 
be driven away and their spawning beds destroyed. 


The effects of sewage pollution on many estuaries are only too apparent, and it is 
significant that certain large cities situated on tidal streams, such as Glasgow, Belfast 
and Dublin, have voluntarily undertaken schemes of sewage purification. 


In this Report an attempt is made to approach the question of the discharge of sewage 
into tidal waters from both the theoretical and practical standpoints. On the one hand 
the differences between fresh and sea water in relation to de-aeration and to re-aeration, as 
~well as the nature of the chemical changes which occur in mixtures of the two with sewage 
or other polluting matters, are inquired into, and the natural agencies inducing the self- 
purification of such mixtures are discussed. ‘While, on the other hand, the actual effects 
caused by the pollution of tidal waters are examined with special reference to the reduc- 
tion of nuisances arising either directly or indirectly from such pollution, the deposition 
of solids in navigable channels, and the effects of pollution on fish life. 


The chief localities where the pollution of tidal waters has led to harmful results in 
these different directions are enumerated as far as possible, and the conditions obtaining 
in each are described and reviewed. 


Finally the conclusions to be drawn from the inquiries into these different questions 
are considered with special reference to the possibility of framing practical standards 
which shall set a limit to the extent of pollution which may be permitted in a given 
~ estuary or tidal water. 


In order to avoid undue delay in presenting our Report we early found it necessary 
+o divide the work as far as possible between us, each taking up those portions with which 
his own investigations had made him more particularly conversant. Our Report is 
accordingly presented in a number of different sections. 


W. E. ApENEY. 
HK. A. Lerts. 
November, 1907. 
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SECTION 1. 


THE] CHEMICAL CHANGES WHICH OCCUR IN POLLUTED FRESH AND 
SALT WATERS 


AND 


THE RATE OF AERATION OF FRESH AND SALT WATERS. 
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CHEMICAL CHANGES WHICH OCCUR IN POLLUTED FRESH AND SALT 
WATERS. 





INTRODUCTION. 


It is the object of this section to explain the nature of the chemical changes, so far 
as they have been investigated, which sewage matters of various kinds undergo, when 
they are discharged into tidal waters. 


The most important effect upon tidal waters of the introduction of sewage into them, 
and one which invariably follows it, is the more or less complete absorption of their 
dissolved oxygen. 7 


_ The loss of oxygen may be brought about in three different ways: (1) The sewage 
waters from their own state of de-aeration may lower the aeration of the unpolluted water 
by dilution. (2) They may contain directly and easily oxidisable substances, which 
on becoming mixed with unpolluted water will cause a more or less rapid loss of its 
dissolved oxygen. (3) The organic constituents of the sewage, which are not directly 
oxidisable (and they usually form the greater part of it), and ammonium compounds, 
are oxidised through the agency of water bacteria, and thus indirectly cause a loss 
of dissolved oxygen. 


These possible causes of de-aeration are enumerated in the order in which they 
would in all probability take effect under natural conditions. The first is obvious, 
although its importance has not perhaps been sufficiently recognised. Its effects can easily 
be differentiated from those of the other two. The second will also be readily admitted: 
as self-evident, and in some cases, its effects can be distinguished without difficulty from 
those of the others, but not always. The third will require careful discussion, and we- 
shall consider it in detail, pointing out when in some cases its effects can be differentiated 
from those of the second phase of de-aeration, and when they cannot. 


As regards the bacteriology of the living organisms, it is not within the province 
of this Report to deal with it. It will therefore be assumed that the chemical changes 
which accompany indirect oxidation are the result of vital processes of living water~ 
organisms when growing and multiplying in the polluted water. 


From the chemical point of view, a polluted water is to be regarded on this assumption _ 
as a liquid undergoing bacterial fermentation, during which, and until the original 
polluting matters are completely changed, oxygen will be absorbed, and certain products - 
formed, which may or may not be offensive and dangerous to public health and to 
fish, according to whether a continual excess of dissolved oxygen remains throughout 
the liquid or not. 


As regards offensive products of fermentation, ample evidence will be found. 
from the investigations which we shall summarise, to show that they do not appear 
amongst products of fermentation provided that continual aerobic conditions be established _ 
in the water. It is consequently unnecessary to consider them in detail, except the 
conditions necessary for the avoidance of their formation. 


This branch of our inquiry will, therefore, be confined to the consideration of :—- 

(1) The course and nature of the chemical changes which occur during 
aerobic fermentation of sewage matters in waters, 

(2) The relationship of the oxygen absorbed to the sewage matters originally 
present, and to the products formed. 

(3) The rate of re-aeration of waters under natural conditions, which have 
been de-aerated by pollution, . 

(4) The maximum rate at which dissolved oxygen in waters, exposed to 
natural conditions, may be absorbed by polluting matters within the limits 
of aerobic conditions. 

(5) The formulation of standards of impurity for sewage and for sewage 
effluents. . i 
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PART: 


THE Course AND NaTuRE oF FERMENTATIVE CHANGES IN POLLUTED WATERS 
UNDER CONTINUAL AEROBIC CONDITIONS. 


The late Sir E. Frankland, K.C.B., studied the changes which occur in polluted 
waters, so far as they could be by purely chemical methods, in the classic investigations 
which he carried out for the Rivers Pollution Commission, and he amply proved that 
the course of change was essentially one of oxidation. We quote the following table 
from the First Report of the Rivers Pollution Commission, p. 63, as illustrative of the 
changes which London sewage undergoes during the process of purification on passage 
through a sufficient thickness of sand :— | 


TABLE 1.—Downward filtration of London sewage through fifteen feet of sand. Results of Analysis expressed 
in parts per 100,000. (Frankland.) 





Total solid 
Description. Matters in 
solution, 


Nitrogen as Total 
Ammonia. | Nitrates and | combined 
Nitrites. | Nitrogen. 


Organic | Organic 
Carbon. | Nitrogen. 











Average composition of sewage 
before filtration* = - . . 64°5 4°386 2°484 5557 ‘000 7060 





Filtration at rate of 2°8 gallons per 
cubic yard per 24 hours. 


Effluent water, Dec. 21st, 1868 82°8 993 187. 030 pv | 3:439 
5 i, mt Sth, as 88-1 849 ‘166 022 4-468 4°652 
F » van. 4th, 1869 85:2 893 140 013 4489 4°639 
s 3 ee ht ae 91°1 1013 110 020° 4830 4:956 
. = eR ee 77:0 854 179 020 4554 4:749 


At rate of 4:2 gallons per cubie yard 
per 24 hours. 








Effluent water, Jan. 25th, 1869 60°2 ‘936 140 012 2°265 2°415 
y srg Heb. <slet, mats 86°3 ‘766 ‘078 025 5:105 5-204 
& - Js Stig ig ., 94:2 "892 102 020 5-155 5273 
Pr ¥ fa eLEth te 80°6 1310 089 015 4156 4-257 


At rate of 5°6 gallons per cubic yard 
per 24 hours. 


Effluent water, Feb. 22nd, 1869 69°9 827 ‘110 015 oGhT 3°739 
g » o oar... tet. ‘3 86°8 “411 078 010 4:727 4°813 
“2 + - 8th, 55 79°1 664 136 ‘OF2 =e 3°431 3577 





At vate of 11°2 gallons per cubic yard 
per 24 hours. 


[fluent water, Mar. 15th, 1869 70:0 1:261 O22 1680 2°841 4-746 
5 *. 22ndeu 4i 564 "537 ‘107 064 2484 2°644 
- ae 3 S0th, 855 760 2-007 2096 4:790 | 035 6:076 
3 és April 5th, ,, 70°7 1:948 1041 3°195 812 4°484 








* These figures give the average results of 21 analyses of the sewage used during the continuance of these and 
the following experiments. It need scarcely be stated that in reality the composition of the sewage varied con- 
siderably during the course of the experiments. The variation may often be traced in the total solid matters and 
total combined nitrogen in the effluent water. It was obviously impossible to make the analyses of the sewage 
contemporaneously with those of the effluent water so as to admit of a strict comparison between the two. The 
following numbers show the maximum and minimum results obtained in the 21 analyses of sewage just 
referred to. The whole series of these analyses is recited on p. 35, where it will be seen that the low minimum of 
‘909 of organic nitrogen occurred on only one occasion, and that the next lowest number was 1°378 :— 


Total Solid : Nitrogen as Total 
—— Matters in yc Lise Ammonia. Nitrates and combined Chlorine. 
solution. : ei ee Nitrites. Nitrogen. 
Maximum - - 80°1 6°345 4°977 012 11°187 151 
Minimum - 40°6 2°596 909 “000 2923 51 
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The oxidation of organic and ammoniacal nitrogen to nitrates and nitrites which 
is indicated by these experiments affords ample evidence of the oxidising nature of the 
purifying process to which the sewage matters were submitted. But the experiments 
show with equal clearness that the process was an exceptional one. Thus, although 
the ammonia was practically all oxidised, quite a considerable fraction of the organic 
carbon and nitrogen escaped complete oxidation, and remained in the form of organic 
matter after passage through the filtering material. This is the more surprising when 
the fact, now well known, is remembered that the organic matters which survive efficient 
filtration of sewage are rapidly oxidised by chemical agents, such as acid potassium 
permanganate.T 


It will also be observed on reference to the table that the total combined nitrogen 
in the effluent was not in a single experiment equivalent to the organic and ammoniacal 
nitrogen originally present in the sewage. 


It is impossible to avoid the conclusion, therefore, that the process of oxidation 
which is set up in sewage matters during purification on passage through the material 
of a filter is a selective one, and in many respects exceptional when compared with the 
oxidising processes which are set up by the direct chemical action of ordinary oxidising 
agents. 


We may finally note in reference to these experiments that, under the conditions 
of the experimental filter which Frankland employed, the rate of change in the sewage 
matters was extremely rapid, being complete within twenty-four hours when the filter 
was not overdosed by a too rapid flow of the sewage. 


We now know that the rapid purification which is effected by a bacterially active perco- 
lating filter is largely due to the very large numbers of organisms which accumulate on the 
suriaces of the material of the filter, and to the ample supply of oxygen on the one hand, 
and to the imtimate manver in which both are brought in contact with the polluted water 
on the other hand, as the latter passes in thin films through the filter. 


Frankland was not so fortunate in the results which he obtained from his considera- 
tion of the question of the “ self-purification ” of polluted rivers. We cannot do better 
than quote his own words on this subject. 


*“ We have made this experiment by mixing the Grand Junction Company’s Thames water with 5 per 
cent. of fresh London sewage. The organic carbon, organic nitrogen, and dissolved oxygen were immediately 
determined in one portion of the mixture, and the remainder was then enclosed in a series of well stoppered 
bottles, which were exposed to diffused daylight and kept at a temperature of about 17°C. One of these was 
opened every twenty-four hours, except on an intervening Sunday, and the weight of dissolved oxygen contained 
a the enclosed water determined by boiling off the dissolved gases in vacuo. The following results were 
obtained :— 


“RATE OF OXIDATION OF SEWAGE IN WATER. 





Weight of dissolved Oxygen in 100,000 parts of the Water. 











Immediately After 24 After 48 After 96 | After 120 After 144 After 168 
after mixture. hours. hours. hours. hours. hours. hours. 
946 803 616 erSib 201 ‘OSO 036 





“Immediately after mixture the sewage contaminated water contained in 100,000 parts 2-099 part 
organic carbon and - 207 part organic nitrogen. 


“‘ These numbers show that even in warm weather the oxidation of the animal organic matter in sewage 
takes place very slowly. Leaving altogether out of the question the oxidation of the hydrogen and nitrogen, 
and assuming that for the destruction of the organic matter the carbon alone requires to be oxidised (3 parts 
by weight of carbon requiring for this purpose 8 parts of oxygen), then the percentage of sewage destroyed 
in each of the above periods will be as follows :— 





— Percentage of Sewage destroyed. 





Ist period of 24hours - - - - 6°8 
2nd iy fC 2EF RS we - - - 8°9 
3rd jrre-ABES Sy +S - - - 14°3 
4th et eo - - - 54 
5th iS 2 aeates : - . 5°8 
6th ns on, fT RA - . 21 

43°3 





“ First Report Rivers Pollution Commission, p. 50. 
t See p. 55. 
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“Up tothe end of thesixth day (or fifth period) the oxidation took place at a tolerably constant, though 
somewhat diminishing, rate; the amount of oxygen still left in solution, however, had then become so small 
as greatly to retard the rate during the next twenty-four hours when the experiment was discontinued. As- 
suming, however, that if the polluted water had been constantly exposed to the air, a portion at least of the 
oxygen would have been replaced, and assuming, further, that the oxidation proceeded during 168 hours at 
the maximum rate observed, then at the end of that time only 62-3 per cent. of the sewage would have been 
oxidised. 

“Tt is thus evident that, so far from sewage mixed with twenty times its volume of water being oxidised 
during a flow of ten or twelve miles, ssarcely two-thirds of it would be so destroyed in a flow of 168 milesat 
the rate of one mile per hour, or after the lapse of a week. But even this result is arrived at by a series of 
assumptions which are greatly in favour of the efficiency of the oxidising process. Thus, for instance, itis 
assumed that the 62:3 per cent. of sewage is thoroughly oxidised and converted into inoffensive organic matter ; 
but the experiments showed that, in fact, no sewage whatever was so converted or destroyed even after the 
lapse of a week, since the amount of carbonic acid dissolved in the water remained constant during the whole 
period of the experiment, whilst, if the sewage had been converted into inorganic compounds, the carbonic 
acid, as one of these compounds, must have increased in quantity. > TIN 


“Thus whether we examine the organic pollution of a river at different points of its flow, or the rate 
of disappearance of the organic matter of sewage when the latter is mixed with fresh water and violently 
agitated in contact with air, or, fina'ly, the rate at which dissolved oxygen disappears in water polluted 
with 5 per cent of sewage, we are led in each case to the inevitable conclus:on that the oxidation of the organic 
matter in sewage proceeds with extreme slowness, even when the sewage is mixed with a large volume of 
unpollute1 water, and that it is impossible to say how far such water must flow before the sewage matter 
becomes thoroughly oxidised. It will be safe to infer, however, from the above results that there is no river 
in the United Kingdom long enough to effect the destruction of sewage by oxidation.” ~ or 


It will be noted that in the foregoing experiment Frankland failed to detect the 
formation of carbon dioxide coincidently with the absorption of oxygen. He states “ the 
amount of carbonic acid dissolved in the water remained constant during the whole period 
of the experiment.” We now know that this gas was in all probability formed, but that he 
failed to, detect it owing, no doubt, to the practical impossibility of completely disengaging 
it, when it occurs in the free state in the water together with bicarbonates, by. boiling 
the water in vacuo, unless the condition for the disengagement of the whole of the gas, 
both free and combined, be established by the previous addition of a little sulphuric acid 
to the apparatus in which the extraction in vacuo is. effected. 


As regards the conclusion which Frankland arrived at in reference to the self-purifica- 
tion of polluted rivers, it must be remembered that the interpretation which he placed 
upon his results was made under the impression that the chemical changes which he-was 
studying were the result of direct chemical oxidation. r ' 


ab 


We now know that this was not so, but that the changes were brought about: by 
the physiological processes of living organisms, and that these latter may vary in 
numbers and activity, under different conditions, to such an extent as to completely 
upset the calculations and conclusions which he made from his experiments. 


Not only is the course of oxidation set up in a polluted water exceptional, as already 
indicated, but it 1s much more energetic and complete than that brought-about by the 
direct chemical action of such oxidising agents as acid permanganate. Thus, Dr. Dupré 
has shown in a paper on “‘ Changes in Aeration of Water, as indicating the Nature of the 
Impurities present in it,”’ that the amount of dissolved oxygen taken up by natural waters, 
in which bacteria are active, is very much greater than the amount of oxygen which 
the same waters take up from a solution of permanganate. In other words, one cannot 
necessarily infer, from the rate of absorption of oxygen from permanganate by an effluent, 
what the rate of absorption of dissolved oxygen from brook water by the same effluent 
would be.* Some experiments which we shall have to describe later on will show that this 
observation by Dr. Dupré has been independently confirmed by both authors of this Report. 


It is quite evident from Frankland’s experiments, and from the more recent teachings 
of bacteriology, that the significance of the presence of polluting matters in waters depends 
not so much upon their exact quantity and chemical composition, but. rather on their 
fermentative properties, the rate at which they will undergo fermentation, under the 
influence of the mixed organisms natural to river and sea water, and upon the rapidity 
with which dissolved oxygen will be absorbed during their fermentation. 


It is of primary importance, therefore, to ascertain the exact nature of the process of 
oxidation which occurs during the fermentation of the polluting matters in waters. 








* Supplement to the Report of the Local Government Board for 1884-5. See also Supplement to the 
Fourth Report of the Royal Commission on Sewage Disposal, Chemical Report by Dr. G. McGowan, Vol: 4, 
Part 2, p. 327. 





ROYAL COMMISSION ON SEWAGE DISPOSAL. 


| 
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Diagram 1. Curve SHOWING THE VOLUMES OF THE OXYGEN ABSORBED, AND OF CARBON DIOXIDE FORMED, 


DURING THE AEROBIC FERMENTATION IN DisTILLED WATER, POLLUTED BY KNOWN QUANTITIES OF ROGHELLE SALT. 
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© Vermenvative Cuances in Distrntep Warer Potturep By: KNOWN QUANTITIES OF 
ORGANIC SUBSTANCES. 


One of the authors (Adeney) commenced a careful investigation of this subject as far, 
back as the year 1891, and his results have been published from time to time in the Trans- 
actions of the Royal Dublin Society, and.in the Proceedings of the Royal Irish Academy. 


In one of these papers,* he has given the results of a number of experiments 
with distilled water separately polluted with known quantities of such simple and definitely 
constituted. substances as Rochelle salt, albumose, urea,-and asparagine. 


The method of experimenting adopted:in these investigations was similar to that 
employed by Frankland, but somewhat more extended. Solutions of the substance 
to be experimented with, and of the necessary inorganic salts, were made up to a con- 
venient strength with distilled water. ~The dissolved gases, inorganic and organic nitrogen 
(if present), were then determined at the commencement and at the conclusion of the 
experiment. in § 7 a Pitae eee 


For the study of the earlier steps of the fermentation the solutions were preserved in 
bottles completely filled and carefully stoppered with well ground-glass stoppers, ‘the 
dissolved oxygen in the solution providing a sufficient quantity of that gas for the 
initial changes. For the study, however, of the complete course of fermentation, it was 
found necessary to leave air in the bottle, sufficient to provide an adequate supply of oxygen. 


For the first-mentioned object a bottle of ordinary description was employed ; for 
the second, one of special form is preferable... A description of it will be found in the part 
of this section on methods and apparatus. The bottles were kept immersed during an 
experiment in distilled water, neck downwards, in covered jars. 


The germs present in the distilled water, and;other substances employed in making 
up the solutions, were relied upon for setting up fermentation. 


1. Rochelle Salt. 


_ Intermediate steps of fermentation of Rochelle jsalt, from start to finish, are 
illustrated by the experiments recorded in the appended table. 


On plotting the carbon dioxide formed with the oxygen absorbed, the course of fer- 
mentation 1s seen to take place in two equal and progressive steps, and the course of each 
_ Step 1s approximately represented by a straight line, as is shown by the accompanying 
diagram. 


During the first step, illustrated by the first six experiments, Rochelle salt is evidently, 
from the respiratory ratio CO, : O; being 2:1, converted into potassium sodium malate, 
carbon dioxide and water; and the malate is oxidised during the second step to carbon 
dioxide and water, according to the equations— 


(1) 2C,H,KNa0, + 20, C,H,KNaO, + 4C0,-+ 2H,0 + KNaO. 
(2) “CH, KNa0; 4°3 O07 ~ ="-4C05 4-2: 0+ KNaO. 


| 


The second stage of change in which the respiratory ratio is 4:3 is shown by the 
experiments Nos. 7, 8, 9, 10, and 11, and in the last of these it will be found that the fer- 
mentation of the Rochelle salt wascomplete. The volume of carbon dioxide formed, and 
of oxygen absorbed, was 33°95 c.c. and 20°93 ¢.c., respectively, per litre of water. The 
volume of carbon dioxide formed represents just about 75 per cent. of the Rochelle salt 
originally present in solution. Maree 








ie, SRRREE Chemical Changes attending the Aerobic Bacterial Fermentation of Simple Organic Substances 
Part I.; Urea, Asparagine, Albumose and Rochelle Salt.” Proceedings of the Royal Irish Academy 1905, 
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Several experiments of a similar nature have been made with Rochelle salt by the 
same author, and they have all been attended with practically similar results, 


It may therefore be concluded that in the process of purification of waters polluted by 
Rochelle salt, the larger portion, 75 per cent., is completely oxidised to carbon dioxide 
and water, and that this oxidation is brought about by the respiratory or energetic re- 
quirements of the organisms, and that the remaining 25 per cent. are taken up by other 
vital processes of the organisms, principally no doubt of construction and excretion. 


TABLE 2,—Experiments made to ascertain the Fermentative Changes which eecur under Aerobic Conditions, 
in Distilled Water Polluted by Known Quantities of Rochelle Salt.: The Analyses give the 
Oxygen consumed and the inorganic products formed by the respiratory changes exerted by water 
bacteria during the earliest and later stages of their development and activity in solutions con- 
taining ‘141 grm. Rochelle Salt (equivalent to 44°64c.c. CO, ), and -1 grm. each, sodium carbonate, 
potassium phosphate, and potassium chloride, per litre. (Adeney.) 


The gases are expressed in ce., at O°C, and 760 mm. bar.; the nitrogen as ammonia, and organic nitrogen, 
as parts by weight per 1009 ce. of water. 

















Dissolved Gases | Oxygen | Respiratory change 
No Description of | Nas | Organic | absorbed 
Experiments. rae) 0 N NH, N, from air} CO, a 
: 2 in flask. | formed. | absorbed 
1 | Solution when freshly | ~ 
made - - - | 22°45 6°89 13°63 0-0 0003 ~ ~ - 
2 | Portion kept 18 days 
out of contact with - | 23:47 6°89 13-70 0-0 - - 1-02 - 
3 | Another portion simi- 
larly kept - - | 26°58 5°45 13°57 0-0 - - 4°13 144 
4 | Another portion simi- 
larly kept - rly OLS 3°52 13°69 0-0 - - 7°66 3°37 | 
5 | Another portion kept 
20 days - - -| 34:10 1°63 13°59 0-0 - - 11°65 | 5°26 
6 | Another portion also 
kept 20 days - - | 36°78 0°44 13°61 0:0 - - 14°33 6°45 


7 | A portion of No. 4 
after further keeping 
for 38 days in contact 
with 409°2 c.c, air per 
litre - - - | 44:18 6°38 14°46 trace - 10°7 21°73 11:25 


8 | A portion of 6 kept in 
contact with 507 c.c. 


air per litre for a 
further 15 days -{|{ 50°01 6°01 13°83 trace - 15°06 | 27°56 15°94 


9 | Portion of 5 kept in 
contact with 497°7c.c. 
air per litre for a fur- 
ther 43 days - = po'29 6°14 Vo°EI trace 0002 19-2 32°84 19°95. 


10 | Portion of 3 kept in 
contact with 430°8¢.¢. 


air per litre for a fur- 
ther 47 days - - | 55°78 5°98 14°63 trace 0002 18°27 | 33°33 19-2 


11 | Portion of 2 kept in 
contact with 241 c.c. 


air per litre for a fur- 
ther 95 days. - - 56°4 4°76 14:99 trace 00025 18:9 33°95 20°93 








2. Rochelle Salt and Urea. 


On comparing the results which have just been considered with those recorded in the 
following table it will be noticed that one of the most marked influences of the presence 
of urea with the Rochelle salt is to set up a rapid fermentation ; and yet notwithstand- 
ing this, the urea appears to have been but little changed during the earlier steps of the 
fermentation. Thus in No. 2, although nearly all of the oxygen had been absorbed, only 
a trace of ammonia had been formed. After three days longer fermentation in another 
bottle of the solution, No. 3, a small quantity was formed, but this seems to have been 
the limit for the stage of fermentation which the quantity of dissolved oxygen originaliy 
present allowed, for when a third bottle, No. 4, was kept for nearly eleven months, the 
amount of ammonia found in it was but little more than that in No. 3, which had been 
kept for only nine days. 
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When, however, a larger supply of oxygen was provided as in Experiment 5, more 
advanced stages of fermentation very rapidly set in; and in seven days from the com- 
mencement about one-fifth of the urea had been hydrolysed into ammonium carbonate. 
At the same time the whole of the Rochelle salt had been fermented. 


From our knowledge of the behaviour of urea when fermented with other organic 
substances, we may safely conclude that, in these experiments, it suffered decomposition 
by enzymic action, and we can quite easily distinguish the products of enzymic change 
from those due to oxidation. Thus, assuming that the ammonia formed was wholly the 
result of the hydrolysis of urea, its equivalent of carbon dioxide is 17°54 cc. This leaves 
a balance of 33°11 ec. of carbon dioxide as due to respiratory changes exerted upon the 
Rochelle salt. On referring to the experiments with Rochelle salt alone, p. 14, it will 
be found that the water was polluted by an exactly similar quantity of that substance 
per litre as the water under discussion ; and that the volume of carbon dioxide formed 
by its complete fermentation was practically the same, 33°95 cc. per litre. 


These experiments therefore well illustrate the selective nature of the process of 
oxidation, for it is evident that it was almost entirely confined to the 75 per cent. of the 
Rochelle Salt that was converted into carbon dioxide and water. 


It is important to note also that, although the Rochelle salt was completely fer- 
mented, only 21 per cent. of the urea suffered coincident change. It appears therefore that 
urea may in some cases suffer enzymic change during fermentation with other organic 
substances very much more slowly than is commonly supposed. - 


The volume of oxygen absorbed in the two solutions after completion of the fermenta- 
tion of the Rochelle salt were not quite similar. Thus with the solution of that substance 
alone. the volume absorbed was 20cc. While with the solution containing urea in addition, 
the volume was 23°35 cc., per litre. It is conceivable that the difference may have been 
due to a difference of chemical products formed by the vital processes of construction and 
excretion, since the rate of fermentation was so greatly different in the two solutions. 


TABLE 2a.—Experiments to ascertain the Fermentative Changes which occur under Aerobic Conditions in 
Distilled Water polluted by Known Quantities of Rochelle Salt and Urea. The results show the 
Total Atmospheric Oxygen consumed, and the Products formed, by the Respiratory and HEnzymic 
Changes exerted by the Bacteria during the earliest and later Stages of their Development and 
Activity in Solutions containing 0°225 grms. Urea and 0:141 grms. Rochelle Salt, per litre. (dAdeney). 























Dissolved Gases. Nitrogen as 
No. Date. 5" 
CO, ce. O, ce. N, ¢.c. NH, grs. 
1 ‘At commencement = - : - - 19°60 5°34 11°25 0:0002 
2 Six days later - : - - - 32°04 0-19 10°69 0-0003 
3 Nine days later - - - - 32°65 0:00 10°79 0:0007 
4 Twelve months later - - - - 33°38 0-00 11:05 0:0009 
5 Seven days later - - - - 70°25 4°74 13°31 0°0220 
Atmospheres of flask in No. 5 :— 
At commencement - - - - 0:00 160°84 606°34 
At conclusion - - - - - 0:00 138-09 601°88 





3. Albumose. 


The experiments which are quoted in the following table were made with distilled 
water polluted with albumose. This substance was selected as a type of nitrogenous 
substances, which unlike the native albumins, are fermented under the conditions ot these 
experiments with comparative ease. 
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TaBLE 3.—Experiments to ascertain the Fermentative Changes which occur under Aerobic Conditions in 
Distilled Water polluted by Known Quantities of Albumose. The Results give the volumes of 
Oxygen, and the quantities of Inorganic Products, which are respectively consumed and formed, by the 
Respiratory Changes exerted by Water-bacteria during the earliest and later Stages of their 
development in Solutions containing 0-05 grm. dry Albumose, equivalent to 28°68 cc. Carbon Dioxide, 
and 0:0055 grm. Nitrogen, and 0-1 grm. each, Sodium Carbonate, Potassium Phosphate and Potassium 
Chloride, per litre. 















































Dissolved Gases. Oxygen | Respiratory Changes. 
No. | Description of Experiments. -~-——— NH, pe pi Ae e. 4) a Nas. 
| CO, | 0; N, in flask. |¢ormedisorbed NH, 
| ‘formed 
py | Solution when freshly made - | 18°34 | 7°36 | 14°69 |-00003/ -0055 ~- ao s+: Pai 
2 | Portion kept 8 days out of | 
; contact with air - - | 19°38 | 6°28 | 14:57 | -0003 — ead 1:04 | 1:08 |.-0003 
| 
3 Another portion kept 7 days | | / 
| out of contact with air - | 20°97 | 5-01 | 14°63 | -0005 — = 2°63 | 2°35 | -0005 
4 | Another portion kept 7 days | | 
out of contact with air = - | 26°27 | 0:22 | 14-64 | -0016 — = 7°93 | 7:14 | :0016 
5 | Another portion kept 9 days | 
| in contact with 118 ce. air | | 
| per litre - - - - |30°76 | 4:07 | 15°52 | 0024 — 89 | 12:42} 12°19 | 0024 
| | 
6 | Another portion kept 29 days . 
in contact with 204 ce. air | 
| per litre - . - - 40°50 | 3°80 | 14:19 | -0041 — 195 | 22°16 | 23-1 | -0041 
7 A portion from 2 kept 31 / 
| days in contact with 310°6 | . 
| @¢. air per litre - - - |41°06 | 4°75 | 14:22 | 0042 - 21:3 | 22°74 | 23-91 | -0042 
8 | A portion from 3 kept 51 / 
days in contact with 419-5 | 
cc. air per litre - - - 40°85 | 5:49 | 14:35 | 0044 — 20°7 =| 22-51 | 22°57 | -0044 
9 A portion from 5 kept 31 | | 
| days in contact with 189 ie 
| ce, air per litre - - Ji 40T1 1 287 | LATS Ose --~ 12°3 9°95 | 11°15 | -002 
| 

















Different steps in the aerobic fermentation of albumose, from commencement to 
finish, are illustrated by this table. 


On plotting together the carbon dioxide and ammonia formed, an approximately 
straight line is obtained. An approximately straight line is also obtained when the 
volumes of carbon dioxide formed, and of oxygen absorbed, are plotted together. 


' 


It may therefore be concluded that the oxygen absorbed, and the two inorganic 
products formed, in these experiments, were the result of complete oxidation, step by 
step. 


The fermentation of the albumose was complete in the experiments Nos. 6, 7 and 8 ; 
and the carbon dioxide formed in each of these amounted to 22°16, 22°74, and 22°51 cc. 
per litre; and the nitrogen as ammonia, to 0°0041, 0°0042, and 0°0044, respectively. 
The volumes of oxygen absorbed in these experiments were, respectively, 23°1, 23°91, 


and 22°57. The calculated ratio of CO, formed to O, absorbed on complete oxidation 
of albumose is approximately 1: 1. 


£3" The quantities of carbon dioxide and of ammonia formed account for about 78°5 per 
cent. of the carbon and 76:5 per cent. of the nitrogen, originally present in the albumose. 





AMMONIA, FORMED, DURING AEROBIC FERMENTATION IN DisTILLED WATER POLLUTED BY KNOWN QUANTITIES OF ALBUMOSE. 


DIAGRAM Ill, CURVES SHOWING THE QUANTITIES OF THE UXYGEN ABSORBED AND.OF VARBON 


GRM PER LITRE 


NirTROGEN as AMMONIA IN 
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_ We may therefore conclude that the oxidation process only converts about 78 per 
cent. of the albumose, to carbon dioxide, water and ammonia, the remaining 22 per cent. 
was taken up by the processes of construction and excretion.. 


4, Asparagin. 


On reference to the table of results with asparagin it will be seen that the experi- 
ment, No. 2, was stopped just at the commencement of fermentation, and the results give 
the chemical changes which were set up during the earliest stages of activity of the organ- 
isms ; thus only 0°61 cc. oxygen was absorbed, and 1°4 cc. carbon dioxide and 0:001 grm. 
nitrogen as ammonia were formed. . 


The results of the two succeeding experiments, Nos. 3 and 4, and of Nos. 12 and 13 
indicate slightly more advanced steps of the fermentation, and it will be noticed that 
the amount of ammonia formed in each of these experiments was very large in compari- 
son with the volumes of carbon dioxide which were also formed. The nitrogen as ammonia 
amounts to one half the nitrogen originally present in the asparagin, while the 
carbon dioxide only accounts for one-seventh of the carbon. It may therefore be concluded, 
having regard to the ease with which asparagin is hydrolysed, that in all four 
experiments referred to, practically the whole of it was changed by enzymic action into 
aspartic acid and ammonia, and that the oxidation changes were subsequently exerted 
upon the aspartic acid so formed, in accordance with the following equations :— 


(1); C,H;(NH,) (CO.NH,) (CO,H) + H,O = €©,H,(NH,) (CO,H), + NH. 
(2) C,H,(NH,) (CO,H),-+ 30, = 4C0O,+ NH,-+ 2H,0. 


From equation (1) it is seen that as a result of hydrolysis one half of the nitrogen in 
asparagin is retained in the product aspartic acid, and one half goes to form ammonia. 


Since in the case of asparagin, ammonia is the sole inorganic product of enzymic 
change, the whole of the carbon dioxide formed during its fermentation may be regarded 
as the result of changes due to oxidation. 


The ratios of carbon dioxide formed to oxygen absorbed in the experiments Nos. 5 to 
10, and 14 to 16, in which a decided excess of oxygen was present during fermentation, 
are approximately as4: 3, which shows that the course of oxidation practically followed 
that indicated by equation 2. | 


The course of the fermentative changes are best shown by the accompanying diagram. 
Thus, when the carbon dioxide and ammonia are plotted together, the course of change 
*. is represented by two approximately straight lines, one indicating the enzymic changes 
principally, the other the after effect of oxidation changes upon the aspartic acid. 


When the volumes of carbon dioxide formed, and of oxygen absorbed, are plotted 
together, two practically straight lines are also obtained. 


The quantities of carbon dioxide and of ammonia which resulted from the complete 
fermentation of the solutions of asparagin employed are shown by the results of experi- 
ments 9 and 10 with the first solution, and by experiments 14 and 15 with the second solu- 
tion. They may be taken to be 56°25 cc. carbon dioxide, and 0°01 grm. nitrogen as 
ammonia, per litre. These quantities represent 67°9 per cent. of the carbon, and 72 per 
cent. of the nitrogen in aspartic acid. 


Hence it may be concluded that asparagin when fermented by mixed water organ- 
isms under aerobic conditions, may undergo complete enzymic change into aspartic 
acid and ammonia during the earliest steps of fermentation, and that the greater portion 
oi the aspartic acid, about 70 per cent., subsequently suffers complete oxidation, and 
that the remaining 30 per cent. is taken up by the other physiological processes already 
referred to. 
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Taste 4.—Experiments made to ascertain the Fermentative Changes which occur under Aerobic Conditions 

in Distilled Water, polluted by Known Quantities of Asparagin. The analyses give the Oxygen con- 
sumed, and the Inorganic Products formed, by the Respiratory and Enzymic Changes exerted by 
Water-bacteria during the earliest and later Stages of their Development and Activity in Solutions 
containing ‘123 grm. Asparagin (equivalent to 82°88 cc. CO, and °026 grm. N), and 0:1 grm. each, 
Sodium Carbonate, Potassium Phosphate, and Potassium Chloride, per litre. (Adeney.) 








Dissolved Gases. Oxygen Respiratory Changes. Enzymic 
No. Description of ———— Nas | Organic | absorbed CO Changes. 
Experiments. ‘ | ea IN His N from air 2 
ao OD neg eae 8 N, 




















SSS SS 2) eee eee 


pot 


Solution when freshly 
made - - -|17-62| 6-94 113-89] -000| -026 = = 


bo 


Part kept for 3 days | 
out of contact with 
air = : =( 19°02 | 6°33 | Loree L = — 1:40 





1-001 





aU) 


Another part kept 


for 5 days - -| 29°36 | 0-0 | 13°74} -013 sehidel as 11°74 001 012 





ib 





Another part kept 


for 5 days - =| 29°78) OO Parr aes tad oar — 12°16 | 001 -012 








Nn 


Another part kept 
5 days in con- 
tact with 122°4 ce. 
air per litre - -| 39°23 }\ 3°35 | 14°42 | -0155 — 2°31 





15°59 | 0035 | -012 
6 |Portion of 2 kept 
2 days in contact 
with 271°4 ce. air 


per litre - -| 39°50 | 5-61 | 14°83 15:1 


oO 
bo 


012 





0148 |" 121958 a ee 





at 


Portion of 4 kept 
3 days in contact 
with 186°3 cc. air 
per litre - -| 49°83 |. 3°18 |.14:28 | -017 | -008 19°8 | 32°21 | 23°6 | -005 012 

8 |Portion of 5 kept 

3 days in contact 

with 356 cc. air 


per litre - -| 60°95 | 3°89 | 14°49 | -018 | -0076 30°2 43°32 


1341 |-006 | -012 


9 |Portion of 3 kept 
42 days in contact 
with 324°5 ce. air 
per litre - -| 73°66 | 3°13 | 14:22 |-0216 | -004 38°0 =| 56°04 


10 |Portion of 6 kept 
43 days in contact 








| 41-8 012 











with 631°5 cc. air 


per litre - -| 74°63 | 4°87 | 14:37 |-0216 | -0044 | 42°6 |57-01 | 44°67 |-0096 | “012 


11 | Another solution at 
commencement -| 20°56 | 7:18 





14°26 | -000 | *026 | — 7 


i2 | Part kept 5 days out 


of contact with air} 33°21 | 0:02 | 14:25 | -013 am a 12°65 715 | 001 ‘012 


13 | Another part kept 


for 8 days - —- | 33-28 | 0-08 | 14:25] 013} — — {12°72 | 7:08 |-001 | -012 





14 |Portion of 12 kept 
22 days in contact 
with 304 ce. air per 
litre - - -| 76°81] 2-79 | 14-98 | -022 | -004 40°0 |56°25 |444 | -01 ‘012 
15 | Portion of 14 kept 
23 days in contact 
with 536°3 cc. air| 7 


per litre - -| 76°50 | 6°77 





14-40 | 022 | -004 RO erie WS orca 


16 |Portion of 13 kept 
48 days in contact 
with 561°4 ce, air 
per litre - -| 74:13 | 5°30 
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5. Urea. 


The behaviour of urea, when present with other organic substances undergoing bac- 
terial fermentation, is well-known. As shown by the experiments which have been de- 
scribed, p. 15, it undergoes hydrolysis to ammonium carbonate. When, however, it 
is present in distilled water, unmixed with any other organic substance, its behaviour is 
different and is instructive. A large proportion ofitthen undergoes chemical change due 
to the respiratory and other vital processes of the organisms, and only a small propor- 
tion undergoes hydrolysis. 


The results of a number of experiments with distilled water polluted by this sub- 
stance are given in following table :— 


TABLE 5.—Experiments made to ascertain the Fermentative Changes which occur under Aerobic Conditions, 
in Distilled Water Polluted by Known Quantities of Urea. The analyses give the Oxygen consumed, 
and the Products formed, by the Respiratory and Enzymic Changes exerted by the Bacteria during 
the earliest Stages of their Development and Activity in Solutions containing 0°225 grm. Urea, and 
0-1 grm. each of Potassium Phosphate, Potassium Chloride and Sodium Carbonate, per litre (Adeney). 
The Gases are stated in c.c, at N.T.P., and the Organic Nitrogen and Inorganic Nitrogen Compounds 
in grms., per litre :— 


























Dissolved Gases. Nitrogen as 
No. CO, O, NG Organic NEE N,O, 
1 19°63 6-99 13°74 0105 0-001 0-0 
2 20°53 642 | 13:56 0105 | 00008 trace 
3 23°19 3°05 13°50 — | 0:0032 0:00148 
4 29°88 0-01 13°47 — | 0:0108 0:00247 
5 42°22 0-00 13°40 0-077 | 0-026 000244 
No. 1. Analysis of solution at commencement of experiment. 
No. 2. Analysis of solution five months later. 
No. 3. Analysis of a portion of solution from No. 2. after allowing it to ferment eight days longer. 
No. 4. Analysis of a portion of the solution from No. 3 after allowing it to ferment three days longer. 
No. 5. Analysis of another portion of original solution after keeping for five months. 


On comparing the results of No. 3 with those of No. 1 in this table, it appears that 
-00148 grm. of nitrogen as nitrous anhydride, ‘0031 grm. of nitrogen as ammonia, and 
3°56 cc. of carbon dioxide, were formed, while 3°94 cc. oxygen were consumed. 


The proportion of nitrogen as nitrous anhydride to that as ammonia is so nearly as 
1:2 that it may be fairly assumed that this first step of fermentation consisted almost 
entirely of a direct oxidation according to the equation— 


(1) 8CON,H, +30," 2 $00, Nj, O2NH.. 


It will be seen from this equation that the volume of carbon dioxide formed is equal to 
_ that of the oxygen consumed, one half of the latter being taken up to form nitrous an- 
hydride, and one half to form carbon dioxide. On reference to the analysis of No. 3 
it will be seen that the volume of carbon dioxide formed was very nearly equal to the 
volume of oxygen consumed. 


Assuming this equation to indicate correctly the process of oxidation, we may differ- 
entiate the products due to it from those due to enzymic action in the later stages of fer- 
mentation. Thus, the volume of oxygen equivalent to the nitrogen as nitrous anhydride 
may be obtained by calculation ; then twice that volume equals the carbon dioxide formed 
at the same time. The remainder of the carbon dioxide may then be taken as due to 
enzymic action ; and the nitrogen as ammonia equivalent to it may be calculated accord- 
ing to the equation— 


(2) CON,H,+H,O = ©O,-+ 2NH,. 
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TABLE 6.—Showing the Percentages of the Products, recorded in Table 5, which were due to Respiratory 
Changes, and those which were due to Enzymic Change, the Total Carbon Dioxide and Inorganic 
Nitrogen Compounds being taken each as 100. (Adeney.) 








Oxygen absorbed by other 


Results of Respiratory Changes. Enzymig Chess, Physiological Processes. 





| | | 
Nod Aas, © eer eeeene CO NH, as 


absorbed 





| 
3 100-0 67:7 | 32:3 | 89:9 0-0 0-0 . 10°15 

















4 BTT 137 5: 1 ee eae 423 PATO 15-45 
5 25-9,|}. 172 | 86. |. 83% | 741 | 738 1654 








It will be observed that the division of the fermentative products between the pro- 
cesses of respiratory and enzymic changes, in accordance with the above equations (1 and 
2), is shown to be justified by the fact that the inorganic products are nearly all accounted 
for in the table. 


The oxidation changes were similar in degree in the two experiments 4 and 5; but 
the enzymic changes were very different. This was no doubt due to the solution in the 
latter experiment being kept for some time after aerobic conditions had ceased. 


The next series of experiments with this substance were carried out with the object 
of studying more advanced stages of fermentation ; and the following results were ob- 
tained— 


TABLE 7.—Experiments made to ascertain the Fermentative Changes which occur, under Aerobic Conditions, 
in Distilled Water Polluted by Known Quantities of 'Urea.* The analysis give the Results of more 
advanced steps in the Fermentation of Urea under Complete Aerobic Conditions.—(ddeney.) 





























Ag : an The Composition of the 
et a ° Dissolved Gases. | Combined Nitrogen. | Gases in the Air-spaces 
i at Commencement. 
No. 
CO, | CO, . Organ.| NH, : Oxygen | Nitrogen 
0.0. HObRS-HieNa oe. Ore Ope.c.}eN3 cic, ors, ers. Noe sot NO; ph oe 
| = ——= 
*6) 42 (| 0-00 (52°36 | 304-23 [55-17 | 2-20 | 13-35 | -0590 |-0360 | 01145 | 6 80°20 | 302°53 
be ao een 
| oe 2 | | | 
+5 S | | 0°71 | 25°63 | 269-26 | 84:17 | 1:34 | 13-26 | -0140 |-0675 | 01850: | 7 7118 |.268°52 
SS é j ; d ‘ 
gi 8 = | 1:91 | 25-37 | 347°94 | 86°30 | 1:41 | 13°46 | 0195 |-0500 | 02590 | 8 92°31. | 34819 
age f= hes She ; 
9} 8 || 5-84 | 31-40 | 41255 |76:12 | 2°00 | 13°27 |-0125 |-0500 | 02960 | 9 | 109-25 | 412-03 



































* Note.—For the composition of the solution at the commencement of this series of experiments, see No. 1, Table 5. 


The changes in composition of the gases in the atmosphere of the flasks, and in the~ 


solutions, indicated in the preceding table, may be summarised as follows :— 














No. CO, O, | N, 
Guy + 35°54 — 32°63 | + 1:31 
7 + 65-25 — 51:20 + 0:26 
8 | + 68-58 ~72°52 — 0°53 
9 |. + 62°33 — 82°84 + 0:05 
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TABLE 8.—Stating the Results due to Respiratory and Enzymic Ohanges respectively, in Percentages, as in 
Table 6. (Adeney.) 








Oxygen absorbed by other 














Results of Respiratory Changes. Enzymic Changes. Physiological Processes. 
Roo (Coe. NH, | NO; cr co, | NH, + SHB D 
| , 7 
6 77-0 48°5 24°3 83°9 23-0 21°6 16°1 
7.1ir |Seoyee 43:1 21°5 86°5 32°2 30°7 13° 

















The figures in the foregoing tables again prove that the inorganic products are approxi- 
mately accounted for when distributed in accordance with the above equations 1 and 2 ; 
and they afford additional evidence that the principle upon which the division has been 
made is well founded. 


It is evident from the analytical results recorded for No. 6, that the urea originally 
present in solution had by no means undergone complete fermentative change. 


Of the total products formed in this experiment, 77 per cent. of the total carbon dioxide 
was the result of the oxidation and 23 per cent. the result of enzymic change; while, 
of the total inorganic nitrogen products, 72°81 per cent. was the result of oxidation, 
and 21°58 of enzymic change, leaving 5°6 per cent. of these products unaccounted for. 


Of the oxygen consumed, 83°91 per cent. was taken up by the oxidation process, 
and 16°09 per cent. by other vital processes. i 


On comparing together the analytical results recorded for the next three experiments, 
Nos. 7, 8 and 9, it is evident that No. 7 marks the point when the fermentative change 
of the urea originally present had just been completed; while Nos. 8 and 9 mark well 
advanced steps in the ordinary nitrification of the ammonia. 


In the case of No. 7, 67°8 per cent. and 64°6 per cent., respectively, of the total carbon 
dioxide and inorganic nitrogen products were the result of oxidation; and 32:2 per 
cent., and 30°7 per cent., respectively, of the same products were the result of enzymic 
action, leaving in the case of the latter products 4-7 nitrogen as ammonia unaccounted 
for. 


Of the oxygen consumed, 86°5 per cent. were taken up by the respiratory changes, 
and 13°5 per cent. by other physiological or vital processes. 


Although Experiment 7 illustrates the complete fermentation of the urea, the total 
volume of carbon dioxide formed only accounts for 77:96 per cent. of the carbon, and 
“the total inorganic nitrogen products in 81°9 per cent. of the nitrogen in the urea ori- 
ginally present. It may, therefore, be assumed that the balance of carbon, nitrogen, and 
atmospheric oxygen, viz., 22°04, 181, and 13:5, per cent., respectively, were taken up 
by the vital processes of construction and excretion. 


CONCLUSIONS TO BE DRAWN FROM THE FOREGOING EXPERIMENTS. 


The experiments, which have just been considered, show with sufficient definiteness 
the nature of the process of oxidation, which is set up in polluted waters during 
purification by bacterial fermentation under aerobic conditions. It is one of a number 
of physiological processes concerned in the metabolism of the water bacteria, and may be 
regarded as analogous to that of respiration in higher vegetable systems. 


The results of the experiments prove that the greater portion, 70 to 80 per cent., of the 
organic substances undergoing fermentation are affected by the process, and that these 
portions are completely oxidised to the ultimate inorganic products carbon dioxide and 
water, and also ammonia when nitrogenous organic substances are present. The oxidation 
may be complete, step by step, during the fermentation, as in the case of albumose or 
partial in the earlier stage, and complete in the later stage, of the fermentation, as in the 
case of Rochelle salt. 
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The ratio of carbon dioxide formed to oxygen absorbed varies with the composition 
of the substance undergoing fermentation. Thus for asparagin it is approximately 4: 3 ; 
for Rochelle salt it is approximately 2:1 for the first half of the fermentation, and 4:3 
for the second half; for albumose it is approximately 1: 1. 


It is evident from these ratios that the oxygen absorbed during fermentation was 
neatly, if not wholly, taken up by the respiratory process in each case, and that the oxida- 
tion of the organic substances which were effected by the respiratory process was complete ; 
it only required the presence of active bacteria to bring it about. 


Although for the reasons stated the oxygen absorbed during fermentation may be 
regarded as mainly taken up by the respiratory process, the experiments with urea show 
that quite considerable proportions, about 16 per cent., mav be taken up by other physio- 
logical processes under the exceptional circumstance of the absence of all other organic 
substances. So too in the case of the fermentation of ammonia in the absence of organic 
substances, the experiments on which subject will be found recorded in Table 19, pp. 39 and 
40. They show that as muchas 19 per cent. of the total oxygen absorbed was taken up by 
processes other than that of respiration. It is therefcre possible that this may occur, 
although to a less extent, in the case of other substances in proportions varying with the 
composition of the organic substances undergoing fermentation.* It may, however, be 
assumed from the experiments with Rochelle salt, asparagin, and albumose, that these 
proportions will always be small in the case of ordinary polluted waters, and that it will be 
probably safe to neglect it, and to regard the whole of the oxygen absorbed during fermen- 
tation as taken up by the respiratory process. It is obviously improbable that either urea 
or ammonia could ever occur in ordinary polluted waters unassociated with organic sub- 
stances. 


The same experiments also show that the rate of oxidation is profoundly affected by 
two fundamental conditions, viz., the composition of the organic substances in solution in 
the water, and the action of enzymes ; the bacteria being similar in kind and in activity in 
both solutions. Thus Rochelle salt when it is the only organic substance present in the 
water, is very slowly attacked by water bacteria. In the experiments for instance recorded 
in Table 2 the fermentation of the distilled water solution containing °141 grm. of that 
substance per litre extended over sixty days, while in another solution similar in all respects, 
except that it contained urea in addition to Rochelle salt, Table 3, the fermentation was 
complete within seven days. The urea was not appreciably affected by the respiratory 
process, and only about one-fifth of the quantity originally present was hydrolysed to 
carbonic acid and ammonia by enzymic action. 


Again asparagin, when in solution by itself is also very slowly fermented, but when 
associated with other bodies such as Rochelle salt, both these substances are fermented 


with extreme rapidity, the bacteria being similar in kind and activity in both cases (see 


Table 9), 


As regards the action of enzymes, they are shown by the same experiments to be in- 
timately associated with the respiratory process in breaking down the organic substances. 
in polluted water. The chemical changes effected by them are principally hydrolytic, and 
the products are generally simplifications of the original body, and these undergo further 
fermentative changes. Only in the case of urea do they effect a complete change to simple 
inorganic products, carbon dioxide and ammonia. 


Sometimes the substance is rapidly and completely hydrolysed at the commencement 
of the fermentation, as in the case of asparagin, which is converted into ammonia and 
aspartic acid, and the fermentative changes are subsequently exerted upon the latter pro- 
duct. 


When urea is mixed with Rochelle salt, as in the experiments already referred to, it is 
not apparently affected by enzymic action during the earlier steps of the fermentation, but 
only after that has been well established, when in other words the bacteria have become 
very active, and then it appears from the experiments recorded in Table 2a, p. 15, that 
it is slowly hydrolysed into carbon dioxide and ammonia. 


There are some organic substances, e.g., native albumins, fats, vegetable oils, etc., 
which apparently must undergo enzymic change before they can be rapidly attacked by 





* See also the experiments with Rochelle salt alone and with urea, pp. 13-15. 
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the fermentative processes of water bacteria, and it may be concluded that such bodies 
can consequently only be rapidly fermented in waters containing large numbers of bacteria 
in a state of activity, or after they have been previously changed by enzymic action. Thus 
native albumins may be converted into albumoses by enzymic action, and these subse- 
quently rapidly fermented by water bacteria. Fats and vegetable oils may likewise be 
changed into fatty acids and glycerine, and these be subsequently fermented. 


In the case of the experiments with the more complex solution of Rochelle salt and 
asparagin, which will be found recorded in Table 9, p. 24, it is evident from the respiratory 
ratios which were determined during intermediate steps of the fermentation, that both sub- 
stances simultaneously suffered partial oxidation at first and that the partially oxidised 
products were subsequently completely oxidised during later steps of the fermentation. 
The ratios were 2: 1 at first, then 1°85: 1, and finally 1: 1. 


In the case of sewage matters the true respiratory ratio cannot be thus definitely de- 
termined, owing to their complex composition, to possible and unknown changes by enzymic 
action, and to the probability of their having undergone the earlier steps of fermentation 
before it has been possible to examine them. The ratio, however, ofthe total volume of 
carbon dioxide formed to the oxygen absorbed during the fermentation in sewage seems 
to be fairly constant, judging from the determinations which have so far been made, and 
which will be found recorded in subsequent portions of this section ; itisa little greater than 
iy 

The chemical changes which are brought about by the respiratory process and by 
enzymes may be regarded as yielding a continual supply of energy to the organisms. They 
account for the complete oxidation of purification of 70 to 80 per cent. of the organic 
substances originally present in the polluted water, and of a still higher proportion, if urea 
be present in distinct quantities, since this substance would then be hydrolysed into 
ammonia and carbon dioxide by enzymic action. 


As regards the remaining portions of the organic substances originally present in the 
polluted water, it is obvious that they must be taken up by other physiological processes. 
It is impossible to attempt to detail these processes, and it is unnecessary. It is 
sufficient for the study of polluted waters to regard them as together exercising one 
function, viz., the synthesis of the constructive material required for the growth and 
multiplication of new organisms ; and at the same time to recognise that there must result 
from these synthetical processes waste or bye-products, which may be termed excretory 
substances. 


These last named bodies consist largely if not wholly of coloured substances, precisely 
similar in chemical and physical properties to the colouring matters of peat and of the 
humus of garden soil. They impart to fermented waters various tints, from yellowish 
green to brown, according to the quantities of organic substances which have been 
fermented. They exercise an extremely important function in the subsequent fermenta- 
tion of ammonium compounds to nitric acid, and will be fully dealt with in a subsequent 
part of this section. 


Rideal has noticed the formation of humus-like bodies which result from the anaerobic 
fermentations of organic substances that occur in septic tanks,* and they no dcubt are 
also bye-products from synthetical processes in anaerobic fermentation. 


PART I: 


THe CHEMICAL CHANGES WHICH oOccUR IN POLLUTED WATERS WHEN UNDERGOING 
PURIFICATION BY AEROBIC FERMENTATION TAKES PLACE IN TWO DISTINCT 
AND PROGRESSIVE STAGES. 


It will have been noticed that in all the experiments so far dealt with, save those 
with urea, no nitrates nor nitrites have appeared amongst the products of fermentation. 
This arises from the fact that the experiments were stopped before nitrification had com- 
menced, and not from the absence of nitrifying organisms. 


Under the conditions which obtain when the supply of oxygen during fermentation 
is wholly drawn from that dissolved in the water, the rate of change is necessarily extremely 
slow, and the course of change then proceeds in two distinct and progressive stages, first 
the organic matters are completely changed as already indicated, and converted into carbon 





* “Sewage and sewage purification,” p. 77. 
7 See pp. 28-30. 
6225—Ap. VI. 
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dioxide, water, ammonia and excretory substances, then the two last named bodies are 
further fermented, the products being nitrites, nitrates and comparatively small quantities 
of carbon dioxide. 

The two stages of change are illustrated by the experiments which we quote in the 
following table. | 


TABLE 9.—Experiments showing that the Complete Purification, by Aerobic Fermentation of Water, Polluted 
by Known Quantities of Rochelle Salt and Asparagin, takes place in two distinct and progressive stages. 















































(Adeney.) 
Solution A contained 0:066 grammes asparagin, 
2 4 0°141 n Rochelle salt, per litre. 
3 bs Ol “3 potassium phosphate. 
= | Date of Com- | 
a 2} mencement 6 
3g Nature of N as N as 
35 and of Con- Experiment. CO,. 0; NG NH,. N,O;. Remarks. 
Ae clusion of 
= | Experiment. 
1 | Mar. 6, 1894] Solution <A, as 
| above (in tap 
water)  - ee LEZ T lf -B6e) £5:93150-0 0-0 
| a5 12, os © 4 Dame wiser aer- 
mentation -| 26°73] 0°05/16:13 | 0°0093] 0-0 Liquid very 
Differences -|+15:52/-7-81| — |+0-0093} — ae turbid, but 
free from 
odour, 
2 » 12, ,, | Remainder of the 
preceding solu- 
tion, after fer- 
mentation  re- 
aerated,—A’ -| 26°62] 7°36|)15°14 | 0°0095| 0:0 0:0 
| 4, 13, .,, -| A’ after fermenta- , 
tion, ds B716) 1°52 115-30 | O:010g eo 0-0 Ditto 
| ,, 14, ,, | Another bottle of 
A’ after fermen- 
| tation from 
March 12, II. -|: 40:15] 0°05 | 15°16 0°0102| 0-0 0:0 : Ditto 
iH Differences I. -}+ 10°54|-5°84| — |+0:0013 — — : 
| Differences II.-|+ 13°53 |-—7:31]| — |+0:0007 — — 
Stiegl 5 14, ,.1 Remainder of 
solution A’(Mar. 
14) diluted with 
| equal volume of 
distilled water 
and aerated= 
A’/2 r -|. 20°62|° 7°81)16:11 | 0:0032} .0°0 0:0 
» 195»: |oame aiber ofor- 
‘mentation I, -| 32:21) 1:72/15°92 | 0°0045| 0°0 0-0 Faint sour 
odour,turbid. 
» 19, ,, | Another bottle of 
A’/2 after fer- 
mentation I," -| 32:01| 1°56) 15°89 0°0038| 0:0 | 0:0 Ditto 
Differences J. -|+ 11:59|—6:°09| — |+0°0013} — a 
Differences II.- |+ 11:39 |-6°25} — |4+0:0006/ — — 
+4 3 497-4) pReMainaer ot 
liquid from two 
preceding 
analyses mixed 
and aerated -| 29°06] 7:56|15°60 | 0:0040; 0-0 0:0 
Apl.12, ,, |Same after fer- 
mentation -| 36°75} 0°00|}15°-40 | 0:0056} 0-0 0-0 No distinct 
Differences -| +7:69|-756| — .|4+ 0:0016 ae ee. odour, 
5 5, 12, ,, | Remainder of pre- 





ceding solution Seinen Sania, em, a 
re-aerated- -| 31°42} 7-04/13°98 0:004 0-0 0:0 





Date of com- 
mencement 
and of con- 

clusion of 

Experiment. 


| No of4 
Expetiment. 





Aug. 1, 1894 


Jan. 4, 1895 


Nature of 
Experiment. 


Same after fer- 
mentation = 
Differences 


Remainder of pre- 
ceding solution 


diluted with an | 


equal bulk of 
distilled water 
and aerated - 


Same after fer- 
mentation I. - 


Another bottle of 
same after fer- 


2 


TaBLe ‘No. 


5) 


9—continued. 





0-0 


-|4 3°80|-7-04 


17:033 | 6°11 


16°69 


14:10} 0:0044 


0:0022 


0-0 


0-0015 


+ 0000-4 |-{-0°0015 


0 0009 


trace. 


N as 
NOs 


Remarks. 


0-0 Quite free 


from odour 


0-0 


0002 





0:00016 | 0:00204 
—0:0009 |+ 0°002 
— 000074 |+ 0°00204 


0-0 
— 00022 
~0-0022 


mentation II. - 
Differences I. - 
Differences I 1.- 


| 
1a. | Mar. 6, 1894 


| 
| 
| 
| 


9a. May 15, re 


May 17, ,, 


5a. | Mar. -6,° ;, 


4a, ety <9. 


Apl. 30, , 


7 


Solution A. from 
table Vit. 
diluted with tap- 
water in the pro- 
portion of 1: 
9 vols. - - 


Same after fer- 
mentation = 


Results of fer- 
mentation = 


Remainder of pre- 
ceding solution 
aerated - - 


Same after fer- 
mentation : 


Results of fer- 
mentation : 


Solution A from 
Table VII., di- 
luted with tap- 
water in the pro- 
portion of 1; 19 
vols. I. - - 


Same atter fer- 
mentation II. - 


Results of fer- 
mentation = 


Remainder of pre- 
ceding solution 
immediately 
transferred to a 
smaller bottle, 
and after further 
fermentation 
again analysed - 


Results of fermen- 


9°32 


+ 4°67 | — 3°34 


9 05 


12°28} 2:06 


+ 3°03 


4:29| 7:86 


5°63 


8°04 


tation (from II.) |+ 1:18 |- 1°63 


4:02 








0-0 


0:0008 


+ 0°0008 


0-0008 


0-0 


— 0°0008 


15°93 | 0:0 


15°94} 0°0008 


+ 0:0008 


15°86 | trace. 
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0-0 


0:0 


0-0 


00 


0-0 


0-0 





0-001 


0:0001 | Slightly tur- 


bid, no odour 


0-0001 


0:0015 


+0-0014 


0:0001 


0-0001 


} 


0:00048| 000042 


—0:0008 |+ 000048 | + 0-00032 
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The volumes of oxygen absorbed, and of products formed, during each step of the 
first and second stages of fermentation, represented by the experiments, may be tabulated 
as follows :— 
































Nitrogen as 
Ss saat CO, Ratios. 
First Stage— 
_ Experiment 1 - - - 15°52 2 tol 0093 0-0 0-0 
*s 2 - - - - 13°53 1:85 to 1 ‘0007 © 0-0 0-0 
5 3 (x 2) - - - 22°98 1-86 to 1 ‘0019 0-0 0-0 
3 4(x 2)- - - 15°38 l tol 0032 0-0 0-0 
Totals - - : - 67°41 1:58 to 1 ‘0151 0-0 0:0 
Second Stage— b 
Experiment 5 (x 2) - . . 7°6 14:08 — (0008)* 003 0-0 
> 6 (x 4) - . - —1:247 23°80 — 0 0. TS) GOS E 
Totals - - - - 7°6 37°88 = == _ 00081 














These figures show that a great portion of the nitrogen was quickly converted 
into ammonia, so that it may be assumed that the asparagin was rapidly hydrolysed by 
enzymic action into aspartic acid and ammonia, just as in the case of the simple solution 
of that substance. | 


It then appears from the ratios of carbon dioxide formed to oxygen absorbed, and also 
from the ammonia formed, that the aspartic acid and the Rochelle salt jointly suffered 
respiratory changes, which were partial at first but complete at later stages of the 
fermentation. 


67°41 c.c. of carbon dioxide were formed on the completion of the fermentation. This 
volume represents 78°96 per cent. of the organic carbon originally present in the solution. 


Apparently, from the quantities of ammonia shown by the experiments to have been 
formed, all the nitrogen originally present in the asparagin was changed into ammonia. 
This, however, is probably only apparent. From the nature of the experiments the errors 
attending the ammonia determinations would be appreciable in the aggregate. 


The succeeding experiments 5 and 6 illustrate the course of change which takes place 
in the second stage of fermentation. It will be observed that the products of this stage, 
nitrous and nitric acids, do not appear until the organic substances have been completely 
broken down, and when consequently the formation of carbon dioxide rapidly diminishes. 
During the last step of the second stage represented by Experiment 6, no carbon dioxide 
was formed, but small quantities were actually fixed. We shall deal with the question 
involved in this point later on. | 

The course of change in these experiments is more conveniently indicated by the 
curves which will be found in the appended diagram. | . 

On referring to the results of the diluted portions of A, A 10, and A 20, it will be 
observed that the effect of dilution is to mask, if not to prevent, the formation of inter- 
mediate organic products of oxidation, which are so noticeable with the undiluted liquid 
A, Thus, on summing the results as before, we get— 
































By - f O =to O,=to ° 
xperiment. CO; N.O, N,0, O, i sh 

A/10 la (x 10) 2s 3 : w n B 46:7 0-0 0-0 33-4 : 

” 2a (x 10) ; 2 : 3 3 = 30°3 0-0 44°66 51:9 
z i" sok eee 

Totals - - - : - : 77-0 0:0 z 44°66 85'3 
AMO Sal ctenia” petond I 1, oo04, 51-4 0-0 0-0 44-6 
ge Vaeral |e epg pee eee me 23-6 29-94 20°42 32:6 
Totals - —- 5 tls : - 75:0 22-94 20°42 (73 








* Note that the formation of small quantities of ammonia in this experiment proves that at its commencement 
the first stage of fermentation had not been quite completed. 


t Note that in this experiment small quantities of carbon dioxide were fixed. 





UOpUuo7OYzLy pr] WeYeUD F42;/2MA 


) 


NIDOMLIV DIAL IAL ons te OL LNITVAINOT SY NIAVL St MIIOULIP SHOALIW aH] — FLOWN 


“Fa LIT Yad 1D 


267 08 7 GL 9L tL ZL OL 9 929 og 9° 09° 8S 9S 89 425509 Sb 96 60 





100- 
Zoo0- 
: 
kK €CO0- 
™S 
t& v00- 
i 
Q 
= £00: 
& 
& 
= 300: 
a 
dt 200. 
° 
& 
k g00- 
= 
3 £00- 
S 
& 
Ss 
= oo: 
Was bee eee See ADVULG GNOIZG  ----~--—---------- %- -—- 5 <= -- - = + 
(2 


aNISWHVdSY/ JO ONY LivS FITSHOOY JO SaILILNWNO NMONM AG GaLlntTioOd 


Ni NADAX(O) = 19) SZUNTOK 


eb 600) 68 SON Co Com US) se 92 v2 22 02 ef g/ él 2! of e 9 dD c oO 


ce 


y Ma 
& 
KR 
4 
ge 
Wy 
a 
i) 
oe) 
= 
uy 
- 
i 
Q 
~ 
Q 
z 
Q 
Q 
fk 
SS 
S 
& 
e} 
4 
W 
= 
=) 
a 
a 


9& 


Ob 


ot 


) 


ay e 


9g 


stg 1 





000: 


100- 


Z00- 


» 
3° 
° 


© 
cS) 
2 


S 
° 
S 


® 
i=) 
to) 


> 
S 
° 


600- 


o/0- 


110- 


Z!0- 


Nitrogen as Ammonia IN GRM. PER LITRE. 


UALVM\ GATULSIG NI NOILVINAWYF] O1G0NaY 4O'FDWLG GNODIS AHL 
ONINNG GAWYNOS NIOOULIN OINLIN ONY SMOLIN 40 GNW ‘GAGYXOSHY N3DAXQ 4OQ GNV ‘ADVIS LSHI4 3HL ONIUNG ‘GaWHO4 





27 


The ratio of carbon dioxide to oxygen in Experiment la was 1°4 to 1, and in Experi- 
ment 3a, 1°l5tol. 


Ample evidence will be found in the experiments we have already quoted, and in 
those we have still to describe, to show that the course of complete purification of a pol- 
luted water by bacterial fermentation proceeds in two distinct and progressive stages, as 
indicated by the above experiments.* 


BARAy, UL 


CONDITIONS UNDER WHICH NITROGEN DOES, AND DOES NOT, APPEAR AMONGST 
THE Propucts oF AEROBIC FERMENTATION. 


It will have been noticed that in all the experiments so far summarised the 
evidence which they afford as regards the question whether free nitrogen is formed 
during fermentation under continual aerobic conditions is entirely negative. The 
determinations of the dissolved nitrogen before and after fermentation in each polluted 
water are similar; the combined total nitrogen determinations before and after fermen- 
tation are likewise nearly equal one to the other. 


Similar results will also be found to obtain with all the experiments with polluted 
waters yet to be described, except in those in which the polluting matters were in excess 
of the dissolved oxygen, and in which anaerobic fermentation set in after the absorption 
of the dissolved oxygen; under this condition free nitrogen is evolved.t 


On reference, however, to Frankland’s filtration experiments quoted on p. 4, 
it will be found that the total combined nitrogen in the effluents in all cases show a 
considerable loss as compared with the original samples of sewage. There can be no doubt 
that continual aerobic conditions obtained during fermentation in these experiments ; 
similarly in the experiments with the samples of septic tank liquor, which will be sum- 
marised later on, Table 29, p. 73. Two series of experiments were made with this 
sample. In one, portions were mixed with water and fermented under continual 
aerobic conditions, while in the other, portions were.slowly passed through a fine per- 
colating gravel filter in the undiluted condition. The results show no loss of nitrogen 
in the former series, but a considerable loss in the latter series. 


It is difficult to see any other explanation for the loss of nitrogen in these filtration 
experiments except to conclude from the fact that filters afford much more favourable 
conditions for oxidation than do dilute solutions of polluting matters excluded from 
contact with the air, and that, in consequence, the oxidation of the organic matters 
passing through them is more complete, free nitrogen being found in addition to ammonia, 
which is the only inorganic nitrogen product formed under less active conditions of 
fermentation; hence the loss of nitrogen in the one case and not in the other. 


It may also be pointed out that the foregoing experiments, and those which have yet 
to be described, all go to show without exception that a preliminary stage of anaerobic 
fermentation is not, as some authorities hold, necessary for the rapid aerobic fermenta- 
tion of organic substances, including sewage matters, by water bacteria. 


jg il ne "9 


THE QUANTITIES OF OXYGEN ABSORBED AND OF PRODUCTS FORMED ON THE COMPLETION 
OF EACH STAGE OF AEROBIC FERMENTATION CONSTANT FOR SIMILAR VOLUMES OF 
THE SAME POLLUTED WATER. 


We have already pointed out in reference to the foregoing experiments that they 
afford some evidence to show that the quantities of oxygen absorbed and of inorganic 
products formed, on the completion of the first stage of fermentation, are practically 
constant for similar volumes of the same polluted water. 


The following table of experiments with an average sample of portions of sewage 
hourly collected from 6 a.m. to 6 p.m. on June 21st, 1893, at the Richmond Main Drainage 


* It has been kindly pointed out to us by Dr. Gilbert J. Fowler that this conclusion has been confirmed 
by careful work by Boulanger and Massol, Annales de l’ Institute Pastewr, XVII. and XVIIL, Lille Report, 
pp. 120, et seq., 1905, and by recent observations of his own in Calcutta. 

+ See Tables 10 and 12, pp. 28 and 29. 

f It is possible that the loss may have been partially due to adsorption of nitrogenous matters from: the 
sewage by the filtering material, but not, we believe, to any great extent, since the adsorbed matter would 
itself quickly ferment, and give rise to the formation of ammonia and of other products which would raise the 
nitrogen content of the effluent. It might be contended that the adsorbed matter when fermenting would 
cause a reducton of nitrates and nitrites to an extent sufficient to account for the total loss of nitrogen, but 
we believe that this could only happen in the case of filters composed of coarse material, and certainly not 
with the fine sand filter employed by Frankland for the experiments quoted on page 10. 

_ _ Ina paper by Dr. Fowler and Percy Gaunt, recently published in the Jour. Soc. Chem., Ind., July, 1907, 
it is shown that a loss of ammonia would be caused in such experiments as those above by adsorption to 
some extent of ammonium compouuds by the filtering material. 
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Works confirm this conclusion, and also afford evidence that it may be extended to include 
the second stage of change. The sample was passed through an ordinary paper filter, 
and a series of mixtures made with it and with tap water in the proportion of 1 to 9, 39 
and 79 volumes, respectively :— ) 


TABLE 10.—Experiments showing that the Quantities of Oxygen absorbed, and of Products formed, on com- 
pletion of each stage of Aerobic Fermentation in Polluted Waters, are constant for similar volumes ~ 
of the same Polluted Water. The Volumes of Gases, and the Weights of Nitrogen as Ammonia 
and as Nitric Acid, are given in a Series of Mixtures of Sewage and Tap Water, before and ‘after 
Fermentation. The Gases are expressed in c.c., measured at O°C., and 760 mm. bar., the Nitrogen as 
Ammonia and Nitric Acid as Parts by Weight, per 1000 c.c. of Mixture. (Adeney.) 























; ‘ Nitrogen as 
Strengthof Duration of Carbon Oxygen. | Nitrogen. o Reson 
Mixture. Experiment. dioxide ayia 
Ammonia} Nitrates. 

1in 10 | When freshly made 23°35 6°42 13-41 0045 0001 

After keeping 31 days] 29°447 | 0°00 14°83 0047 =| 0:0 Very offensive. 
1 in 20 | When freshly made 14-21 6°44 13°41 00225; -0001 

After keeping 32 days| 19°78 0-18 13-49 0025 | 0:0 Inodorous, clear. 
1 in 40* | When freshly made 9°64 6°46 13°41 001125, -0001 

After keeping 32 days| 12°45 3°16 13°49 700115 | -0001 | Clear and inodorous, 
lin 80 | When freshly made 7°36 6°46 13°41 00056 | -0001 

After keeping 69 days| 9-17 2°12 13°34 0-0 "0008 | Ditto. 














* The remainder of this mixture was, immediately after examination, re-aerated, analysed, and set aside 
to ferment, and re-examined with the following results :— 





lin 40 | When re-aerated boi 
After keeping 37 days| 11-99 


12°96 00115 “0001 
12:99 00 0017 | Ditto. 


rt OF 


I 
H» OO 


7+ This volume includes traces of SH.. 
t This volume included N,, CH,, and H,. 


The relationships which exist between the volume of oxygen absorbed, and of 
products formed, and the relation also between them both, and the quantities of sewage 
matters originally present in the mixtures, are more clearly seen when the results are 
multiplied, so as to render each series comparable to one another and to the original filtered 
sewage. Thus— 


TapLE 11.—Showing the Relationships between the Results recorded in the preceding Table. 











1 2 3 4 5 6 
: Multi- ; 

Solution. : + + Oinc.es. | Sum of |Vol.of O 

plier. CO, |NasNH,|NasN,O, NW Oar Lae absorbed 
W109 p< cr eegt). sere See Rec encnee e ee  0o te 0-0 61 64 
1/20 - - - - - - - 20 +111 +-0°005 0-0 0:0 111 123 
1/40 (1st stage) - - - - - 40 +112 | +0:001 0-0 0-0 112 132 
1/40 (Qndstage)- = - = =| 40 | + 27-| —0-046}-+L0-064 | 204 231 174 
1/80 - : : - - - : 80 +145 -0°045 | +0:056 |! 179 324 347 











The volume of oxygen given in column 4 as equivalent to the weights of N.Os in the preceding column have been 
added for convenience of comparison ; they have been caleulated from the equation :— 
q : : 2NH3+ 40,= NOs ah 3H.0. 
chee Squs nou gives 3°19 c.cs, Oxygen at N.T.P. as the volume required to oxidise 0°001 grammes nitrogen as 
3 tO 25> ; et J 


Column 5 gives the sum of the volumes of carbon dioxide actually formed, and of oxygen theoretically equivalent 
to the nitric acid formed. It has also been added for comparison with the volumes of oxygen actually consumed. 
In the experiments with the mixtures 1/20 and 1/40, the first stage of fermenta- 
tion was evidently complete, and the volume of carbon diox'de formed, and of oxygen 
absorbed, were practically proportional to the quantities of sewage originally present in 
them, for the volumes of the two gases were, respectively, proportional to 111 c.c. and 123 c.c. 
in the first case, and to 112 c.c. and 132 c.c., in the second case, per litre of filtered sewage. 


A similar relationship is also indicated between the volumes of oxygen absorbed and of 
curben dioxide formed (and also of the inorganic nitrogen products), on the completion of 
the second stage of fermentation. Thus in the second experiment with the mixture 1/40, 
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it will be found that the volumes of carbon dioxide formed, and of oxygen absorbed, when 
multiplied by the necessary factors, are respectively proportional to 27 ¢.c. and 174 ¢.c., per 
litre of original filtered sewage. 


The total volumes of the two gases in the same experiment during the two stages 
of fermentation are, respectively, proportional to 139 ¢.c. and 306 c.c. per litre of filtered 
sewage. 


In the next experiment both steps of fermentation had been completed by the time 
when it was stopped, and the volumes of carbon dioxide formed, and of oxygen ab- 
sorbed were, respectively, proportional to 145 ¢.c., and 347 ¢.c., per litre of unfiltered sewage. 


These two sets of numbers may be accepted as in close agreement, when it is remem- 
bered that the experimental errors are largely exaggerated by the multiplication necessary 
to render them comparable. 


We may quote one more series of experiments with mixtures of different strengths of 
sewage and tap water, in confirmation of the above conclusions. 


The sewage which was employed for this series of experiments was collected from the 
main sewer at Monkstown, a residential suburb of Dublin. The sample was passed through 
an ordinary paper filter to separate the suspended matters, and mixtures were made from 
the filtrate and tap water in the proportion of 1 volume of the former to 9, 19, 29, 39, 49, 
59, 69, 79, 89, and 99 volumes of the latter. 


In the first of the two following tables the experimental data are given, in the second, 
the values obtained by multiplying the results for each mixture by the necessary factor to 
make them comparable with the original filtered sewage. 


TABLE 12.—Experiments showing that the Quantities of Oxygen absorbed, and of Products formed, on Comple- 
tion of Each Stage of Aerobic Fermentation in Polluted Waters are constant for Similar Volumes of the 
same Polluted Water. The Volumes of Dissolved Gases, and the Weights of Nitrogen as Ammonia 
and as Nitric Acid, are given in a Series of Mixtures of Filtered Sewage and Tap-water, before 
and after Fermentation. The Gases are expressed in c.c., measured at O°C., and 760 mm. bar. ; the 
Nitrogen as Ammonia and Nitric Acid as Parts by Weight, per 1,000 ¢.c. of mixture. (Adeney.) 
















Nitrogen as 




















Strength Duration of Carbon phe . 
of Mixture. Experiment. dioxide. | Mac eT Pes GER, Aa ee 
lin 100 | When freshly made -| 4°32 8°03 15-96 00062 | °00010 
After keeping 57 days | 6°70 2°54. 15°60 0 001 Clear and inodorous, 
lin 90 | When freshly made -| 4°43 8:02 15°96 00067 | -0001 
After keeping 70days| 7:15 1-68 15°61 0 0012 | Clear and inodorous. 
lin 80 | When freshly made -| 4°51 8:02 15:90 00077 | °0001 
After keeping 71 days| 7:64 0-77 15°60 | trace 0012 | Clear and inodorous. 
-1in70 | When freshly made -| 4°66 8°00 15°96 00086 | ‘0001 
After keeping 71days| 7:94 0-62 15-60 | °00012 | -0012 | Clear and inodorous, 
lin 60 | When freshly made -| 4°81 8-00 15-97 ‘001 ‘0001 
After keeping 72days| 9:18 0°48 15°68 ‘0008 0008 | Clear and inodorous. 
1in 50 | When freshly made -| 5:09 798 | 15:97 | -0012 | -0001 
After keeping 72 days | 10°23 0:00 15°55 0012 0006 | Clear and inodorous, 
lin 40 | When freshly made -| 5°46 4°26 130) Bs O02 3) ‘0001 | Stale inoffensive odour, 
After keeping 72 days | 11°55 0:00 15°51 0019 0004 
1 in 30 | When freshly made - 6-08 7°92 15-98 002 0001 
After keeping 73 days | 13-11 0°00 | 15-79 0032 |0-0000 | Offensive odour. 
1 in 20 | When freshly made -| 7:31 7°85 15°99 003 0001 
After keeping 78 days | 18:56* 0-00 15°80 005 00000 | Very offensive odour, 
lin 10 | When freshly made 11-03 7°63 16:07 | :006 0001 
After keeping 78 days | 26:-40* | 0-0 20-097 | 0068 |0:0000 | Very offensive odour. 
Tap-water | When fresh — - -| 3°58 8-07 15-95 | 0-000 0001 
After keeping 78 days | 3°45 8-00 15°82 | 0-000 0001 | Inodorous. 





Norte.—Nitrous acid was not detected in any of the mixtures after fermentation. 
* Each of these volumes include small volumes of SH. 
+ This volume includes CH, and H;. They were not determined owing to an accident during analysis. 
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TABLE 13.—Showing the Relationships between the Results recorded in the preceding Table. 




















1 2 3 4 5 6 
Sant il ey i O in C.cs. Re Volume of 
olution. | Multiplier. CO, N as NH, N as N,O; equivalent aw. O 
to N,O, Absorbed. 
1/100 100 +238 —0:062 +0-09 287 B25 549 
1/90 90 +945 —0:060 +0:099 316 561 571 
1/80 80 + 254 —0°062 +0:088 281 535 580 
1/70 70 + 230 —)'052 +0077 245 475 517 
1/60 60 +262 —0:'012 +0°042 134 396 451 
1/50 50 +257 2=0'0 +0°025 80 337 399 
1/40 40 +244 +0016 +0°012 38 282 318 
1/30 30 Ot +0°036 0:0 0 211 238 
1/20 20 +225 +0°04 0-0 225 157 
1/10 10 +154 +0:008 0:0 154 76 
| 

















It is unnecessary to discuss in detail the results in these last two tables, as it will be 
found on examination that they fully confirm the conclusions to be drawn from those 
recorded in all the preceding experiments. 


On comparing the fermentative changes which occurred in the above two series 
of mixtures with those which were observed in the experiments with the solutions 
of simple organic substances, it is evident that the course and nature of the 
changes in each case were similar in character, and soit will be found with the experiments 
which we have yet to describe. No experimental evidence has in fact been found to 
show that the course of change varies to any appreciable extent from that illustrated by 
the foregoing experiments, under similar conditions of oxygen supply. We may hence 
conclude that the law above enunciated, viz., the quantities of oxygen absorbed, and of 
products formed, on the completion of each stage of aerobic fermentation 1s constant for 
similar volumes of the same polluted water, is applicable to all polluted waters undergoing 
purification by bacterial fermentation provided that the dissolved oxygen is im excess of 
the fermenting matters. 


EA Dey: 


THE CouRSE AND NATURE OF THE CHANGES WHICH OCCUR DURING THE SECOND 
STAGE OF FERMENTATION IN POLLUTED WATERS. 


From the experiments which we have so far discussed we have gained a knowledge 
of the course of chemical changes which proceed in polluted waters during fermentation: 
under continual aerobic conditions. We have learned that they proceed in two distinct 
and successive stages ; and we have considered in detail the precise nature of the changes 
which occur during the first stage. We have now to make a similar enquiry into the nature 
of the changes which take place during the second stage. 


We already know, from the experiments with distilled water polluted by known 
quantities of Rochelle salt and asparagin, and also from the experiments with the sample 
of sewage from the Richmond Works, Table 10, p. 28, that the possible inorganic 
products of a second stage fermentation are carbon dioxide, nitrites and nitrates. 


We have first to enquire into the nature of the organic substances resulting from 
fermentative change in the experiments referred to. For reasons which have already 
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been given, p. 23, they must be regarded as the waste or bye-products which result 
from the synthesis of constructive material required for new carbon-oxidising organisms. 


They are similar, as we shall see, in colour and in fermentative properties to the 
coloured organic substances of peat and of the humus of cultivated soils. They are also 
similar to them in the relative proportions of carbon and nitrogen which they contain, 


One of the authors (Adeney)* has found that, on allowing sewage slowly to percolate 
through a pumice filter, effluents were obtained which were decidedly coloured with a brown 
tint, that could not be distinguished from that of upland surface waters. On separating 
the colouring matters from the waters, they were found on analysis to give the proportion 
of carbon to nitrogen as 7°1: 1. 


_On keeping the effluents it was found that the ammonia which they contained was 
rapidly fermented to nitric acid. 


__ Since the products of fermentation of these bodies are carbon dioxide and nitric 
acid, we may term them nitrifiable organic substances, to distinguish them from un- 
fermented organic substances. 


1. Changes which occur in Effluents from Percolating Filter Beds. 


For the purpose of studying the fermentative changes which these coloured substances 
undergo, and the influence which they exert on the course of oxidation of ammonium 
compounds, a number of experiments have been made with samples which were derived 
both from sewage and from peat. 


The following were made with mixtures of tap water and with an average sample of 
portions of effluent hourly collected from 6 a.m. to 6 p.m., on June 21, 1893, from a gravel 
filter bed at the Richmond Main Drainage Works. ‘The sample was of a yellowish brown 
tint. It was passed through a paper filter previous to the preparation of the mixtures :— 


TABLE 14.—Experiments showing the Course and Nature of the Changes which occur during the Second 
Stage of Fermentation in Polluted Waters. The Volumes of Dissolved Gases, and the Weights of 
Nitrogen as Ammonia and as Nitric Acid are given in a Series of Mixtures of a Sewage Effluent from 
a Gravel Filter Bed, with Tap Water, before and after Fermentation. The Gases are expressed 
in c.c., measured at O°C., and 760 mm. bar.; the Nitrogen as Ammonia and Nitric Acid as Parts 
by Weight, per 1,000 c.c. of mixture.—(Adeney.) 








Nitrogen as— 











Strength of : d Carbon- Nitro- 
Nirnrd: Duration of Experiment. He ae Oxygen. gen. vas Ze Jae pea 
ane .| Nitrates. 
lin 2 | Whenfreshly made - -| 7750 | 638 | 1358 | -0085 | -0018 | -003 
After keeping 24 days - - | 83°85 0-00 13°70 0075 0016 | :0045 
1 in 4 When freshly made - - | 41:29 6°43 13°58 700425 -0009 | :00155 
After keeping 25 days - - | 44:00 0-00 13°54 003 00003 | 0028 
1 in 8 When freshly made - ot (2308 6°45 13°58 00213) -00045 | 000825 
After keeping 26days - -| 24:80 0:00 | 13°43 0005 0000 | 0028 
1 in 16 When freshly made - - | 14:12 6°46 13°58 ‘0011 00023 | -0004 
After keeping 30 days - ay) 15°EE 3°41 13°54 00025} -000 ‘0018 





*) Loew cits, Vi 594 
6225.—Ap. VI. E 
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It may be taken for granted, from the fact that nitrification had already been well: 
established in this sample of sewage effluent, and from the general character of the results 
obtained, that the first stage of fermentation had been completed during the process 
of filtration to which it had been subjected. 


On multiplying each series of results by the necessary factors in order to make them 
comparable to the undiluted sample, we get the following proportional values :— 


TaBLE 15.—Showing the Relationships between the Results recorded in the preceding Table. 











1 aoe 3 4t 5 6 fod 
; op Seine, N as N,O. : : 

Solution. | Multiplier. CO.. ade A O,=N,0; | N as N,O,| O.=NH, | Sum of | Vol. of O, 
NO: oxidised. | from NH;.'| oxidised. | 1,3,and 5.| absorbed. 

1/2 2 12-7 00004 0°32 0-0026 8:29 21:31 12°8 

1/4 4 10°8 *| 0:00348 2°78 0:0015 4-79 18°37 25-7 
1/8 8 13-0 0:0036 2°86 0:0122 38°92 54-80 ay Pe 

1/16 16 15°8 0:0036 2°88 0-0124 39°56 58°24 48°83 








It will be observed that in each of these experiments a decided volume of carbon 
dioxide was formed together with the nitric acid, and that the volume of oxygen actually 
absorbed in each, with the exception of the. experiment with the mixture 1/4, was much 
less than that theoretically equivalent to the total inorganic products. } TOM 


The result found for the mixture 1/4 appears to be exceptional when compared 
with those recorded for the other mixtures. | 


Thus, relatively less carbon dioxide was formed in it; and the total inorganic nitrogen 
found after fermentation was decidedly less than that present before it, the quantities 
being 6:00583 and 0:0067 parts per 1,000 respectively. rid 


It should be noted that although the dissolved oxygen was completely absorbed; 
the fermentation was not complete in the mixture, inasmuch as the polluting matters 
were in excess of oxygen. The observed difference in the results are to be ascribed to inter- 
mediate compounds formed between the polluting matters and the dissolved oxygen 
during intermediate steps of the fermentation. More distinct evidence of the formation 
of such intermediate compounds will be met with when the experiments with coloured 
substances derived from peat are considered. . a 


2. Changes which occur in Distilled Water Polluted by Humus and Ammonium 


Compounds. 


Experiments have also been made with a sample of humust}} which had been formed 
by the fermentation of the organic matters in some sewage sludge which had been allowed 
to ferment for some time under what were practically aerobic conditions. The sludge had 
been obtained from a sewage purification works, in which the coarser portions of the solid 
matters In suspension in the sewage were first separated by mechanical subsidence, and 
in which the sewage was then mixed with a little manganate of soda. The peroxide, which 
separated out, was allowed to subside, together with the matters remaining in suspension 








The numbers in this column have been calculated on the assumption that the N as N,O,, shown to have been 
absorbed during fermentation, was completely oxidised to N,O; ; and the figures in the next column have been caleu- 
lated on the assumption that the oxidation of the N,O;. took place according to the equation NO; + O, = N.O;. 
This gives 0°8 ¢.cs. oxygen required to oxidise 0°001 grammes N as N,O, to N.O;. 


{fhe numbers in this column give the, NO, less the loss of N,O, during fermentation, and it is assumed that 
these quantities were derived from ammonia. The numbers in the next column have been calculated on this 
assumption, as already explained, Table 11. These four columns have been added simply for the purpose of 
approximate comparison. It will be observed that the total Nvas NH, and N,O, lost in the case of each solution, 
except solution 1/4, is nearly equal in quantity to the N as N,O; formed. 


+t See page 53. 


33 


in the sewage, to Ae bottom of the ae in which the operation was conducted. 1t was 
finally drawn off from the tank in form of brown mud. This was drained on a gravel bed, 
and, when of sufficient consistence, it was made up into a large heap and allowed to ferment 
in a covered shed. During the fermentation the peroxide of manganese was reduced to 
manganous oxide and converted into manganous carbonate ; the liberated oxygen was taken 
up by the organisms at work for the oxidation of the fermenting organic matters.* 


In three months’ time the interior portion of the mud’ had assumed a grey colour.--On 
examination, air dried samples were found to contain no unfermented organic matter, 
but 8°35 per cent. of humus-like organic matter. This on separation from the 
mineral matter was brownish-black in colour; it was insoluble in hydrochloric 
acid, but completely soluble in a solution of sodium carbonate. The solution 
obtained was of a deep brown colour. On analysis of this humus the ratio of 
organic carbon to nitrogen in it was found to be 6°84: 1. It was therefore similar in these 
particulars to the organic matters in the coloured matters of peat.f A solution of the 
humus was prepared by dissolving a known weight in distilled water and a little sodium 
carbonate. A few drops of sediment from one of the experiments with the peat extract, 
next to be described, were added for the purpose of seeding, together with the necessary 
mineral salts. The experiments with this solution are recorded in the following tables. 
On examination the results will be found to show that the influence of the humus on the 
course of oxidation of the ammonium compounds is of a similar character to that of the 
coloured substances of the sample of sewage effluent just considered. 


TaBLE 16.—Experiment showing the Course and Nature of the Changes which occur during the Second 
Stage of Fermentation in Polluted Waters. Experiments with Humus obtained by. the Fermen- 
tation of wet solid Sewage Matters in the presence of Hydrated Manganese Peroxide. (Adeney.) 


Solution H contained 0:0465 grams. organic carbon, 
00068 __,, a Nitrogen, 
0-1 we) Na HPO. per litre. 
0-1 KCl, 

a small quantity of NaHCo,, 


(Tho gases are expressed in.c.c., measured at 0°C., and 760 mm. bar., the other constituents.as parts by 
weight per litre of water.) 


Date of com- 









































No. of | mencement hoe 
Experi-|. and of con- sl Ron . COs 1 O54 | oN, Remarks. 
ment. clusion of pee Cee. 
Experiment. 
1 Feb. 24,1896-| Solution H, aerated | 16°73. | 7°52 | 15°30 Deep brown = « 
colour. 
Marit" * Same after fermen- | 17°80 | 5°29 | 15-35 Ditto. 
ats a tation. . 
Tae aulyn20.:. 5, Another bottled | 19-84 | 2-09 | 15-26 Ditto. 
portion after fer- 
_| «mentation. sip 
2 | Feb. 24, ,,+ | Solution H+Am(CI | 16-73 | 7-52 | 15-30 
=H,. : , ySuderon ae 
Mar. 2, .,, | Same after fermen- | 17-23 | 6°52 | 15-2 
é tation. 
2a | ,, .80, ,,| Another bottled / 18-19.) 4:81 | 15:33 
- . al portion after fer- 
Oe | mentation. : ee 
3 » 16, ,, .| Solution H, diluted | 7-08 | 7-66 |15-2 |-0005 | © |0008 | Faintly but dis- 
with ~ distilled ee ee tinctly. coloured 
water, 1: 9. greenish yellow. ' 
» 24, ,, | Same after fermen: | 8°97 | 3°51 |15°0 | 0 © 0 |001 Ditto. 
tation. 
3a » 25, ,, | Another bottled | 8°51 |3°66.|15-08 | 0 0 |001 Ditto. 
portion, . . 





* Adeney, Trans. Royal Dublin Society, p. 272, 1897. 
7 Rivers Pollution Commission, 6th era pp. 6-10. 
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TABLE No. 16—continued. 








Date of com- 
Bion ot) gumensement Description of Nas | Nas | Nas ‘ 
Experi and of con- Taiatnase Saat prb St NH, ||..N.O,' | NO, Feenpanis. 
ment. clusion of 
Experiment. 








4 March 31,1896 | Remaining solution | 24:09 | 7-77 | 15°48 | 0024 0 {0004 | Strongly coloured 
from Exp. 1 and brown. 

la + more solu. 
tion (H’) of 
Humus + AmCl 
(prepared Feb. 
26); whole di- 
luted with equal 
bulk of water= 











1 
July 21, ,, Same after fermen- | 26°49 | 0 | 15-34 | 0001 |:00112 |:00078 | Ditto. 
tation. 

4a a oo ae Another bottled | 26:22 | O | 15-39 | -00005/-00144 |-00091 | Ditto. 
portion after fer- 
mentation. 

5 April 4, ,, Solution H, -+ | 7°78 | 7°59 | 15-30 | -0016 0 |0002 | Faintly but dis- 
AmCl, diluted tinctly coloured 
with \ distilled yellowish 
water, 1:6. brown. 

July 20,0005 Same after fermen- | 7:72 | 1:16 | 15:13 | 0 0 |0018 | Ditto. 
tation. 

5a | Jan. 5,1897 | Another bottled | 7°65 | 0°98 | 15-16 | 0 0 |:00195}| Ditto. 
portion after fer- 
mentation. 


3. Changes which occur in Waters Polluted by Peaty Matters and Ammonium 
Compounds. 


The next experiments were made with an extract of fresh peat that was collected from 
a bog situated on one of the Wicklow mountains, and far removed from any source of con- 
tamination with animal matters. The extract was prepared by boiling the peat in tap 
water containing a little sodium hydrate. The extract was filtered into a large glass- 
stoppered jar, which it filled to about two-thirds of its capacity. It was allowed 
to ferment for nearly six months, the stopper of the jar being taken off from time to time 
to renew the air. It was then thoroughly mixed with about five times its bulk of tap 
water and allowed to settle until the following day, when about 6 litres were decanted off, 
and the experiments commenced which are recorded in the two following tables :— 


Taste 17.—Experiments showing the Course and Nature of the Changes which occur during the Second 
Stage of Fermentation in Peaty Waters (Adeney). 
Experiments with a Solution of Peat. Commenced 9th March, 1894. 
Solution P contained 0:0033 grammes nitrogen as ammonia 
0°1336 . erganic carbon per litre 
00079 a organic nitrogen 











Date of com- Nitrogen as 
mencement ee : 
Description of Carbon Nitro- 
and of con- = . pate Oxygen. 
elaate rhe Experiment. dioxide. gen. <b VSN . 
Experiment. Ammonia. trites. Nitrates. 
March 9, 1894 | Solution Ps - - - | 114°65 714 | 14:27 0°0033 0:0 0-0 
May 1], ,, | Same after fermentation* | 136-03 0-0 | 14-70 0-0044 0-0 00 
Results of fermentation - | +21°38 | -— 7-14 — |+00011 | — — 
» 18, ,, | Remainder of preceding 
solution diluted with 
twice its bulk of distilled 
water aerated and ex- 
posed to the air for a 
week, then aerated again 
and bottled = Pat - |. 41:46 7-44 | 14:96 | 00012] 00] 0-0 





* Very offensive odour. t Free from offensive odour. 


No. of 
Experi- 
ment. 
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TABLE 17—continued. 





Date of com- 
mencement 
and of con- 
clusion of 
Experiment. 


July 27, 1894 


Noy. 15, 


16, 
Jan, 29, 


May 18, 


June 12, 
July 20, 


» 28, 


Jan. 30, 1895 





Description of 
Experiment. 


P/3 after fermentation - 
Results of fermentation 


Remainder of preceding 
solution aerated - - 


Same after fermentation 
Results of fermentation 


Remainder of preceding 
solution aerated - : 
Same after fermentation 
Results of fermentation 


A portion of the solution 
P/3 from experiment 
No. 2, diluted with twice 
its bulk of distilled 
water=P/9 - - - 


Same after fermentation I. 


Another bottle of same 
after fermentation II. 


Another bottle of same 
after fermentation III. 
Results of fermentation 


Lien 
ES Let. 
Remainder of solution II. 

aerated 2 - - 


oP] 


Same after fermentation 
: 3 2 : : 
Results of fermentation 
TV. E : 4 


Another of same after 
fermentation V. - : 
Results of fermentation 











Carbon 


49°96 
+7:50 


44°91 


49°24 
+ 4°33 


48-06 
50°96 
+2°90 





14°70 
16°67 


19-02 


19°21 


+1:97 
+432 
+451 


Piero 





19°15 


+1:40 


dioxide. 











Nitrogen as 





























Oxygen Nitro- 
ene. gen. Ni- rs Se 
Ammonia. beled: itrates. 
0:0 | 15:08 | 0:00048 0:0 0:0004 
=~ (744 — |0°00072 — +0°0004 
6:45 | 12°86 | 0°00046 0:0 0°0004 
0-70 | 13:09 | 0:00014 0.0 0:0002 
— 6°45 wie 000032 — —0:0002 
7:24 | 14:86 | 000014 0:0 0:0002 
27 £267 tin OO 0:0 0:0003 
4°49 ee O,000L mas +0:0001 
T4601 P47 0:0004 0:0 0-0 
3°95 | 14°67 0-0 0:0 | 0°:00035 
Ciieee ae ore! trace 0:0 | 0:00035 
1°66 | 14°69 0-0 0:0 | 000035 
ae a ik — 0:0004 — /+0-:00035 
— 5°69 — — 0:0004 — |+0°00035 
— 5°80 — — 0:0004 — |+0°00035 
64.29) 13°22 trace 0:0 | 0:00035 
2900 | 1 3:27. 0-0 0-0 0:0007 
Era — — |+0:00035 
S30 tool L 0:0 0:0007 
+0:00035 










TABLE 18.—Experiments showing the Course and Nature of the Changes which occur during the Second 





i Va: - 0004 ,, organic nitrogen | 
Date of com- Nitrogen as 
me pe omencement Description of Ex- Carbon Nitro- 
xperi-| and of con- eiiieank dioxid Oxygen. a 
ment.| clusion of B , SOR oe : 
Experiment. Ammonia.| Nitrites. | Nitrates. 
1 Mar. 9, 1894] Solution PA=P/2 +Am 
i pala 59-29 T4 | 1514) O-1 0-0 0-0001 
May 12, ,, | Same after fermentation | 72°26 OO Ae Ph HO-1 0:0 0-0 
Results of fermentation | + 12:97 =74 = — as — 00001 
2 » 14, ,, | Remainder of PA after 
fermentation diluted 
with twice its bulk of 
of distilled water and 
aerated =PA/3 a ei!) 7°26 | 14:54 | 0°032 0-0 0-0 
Junel5, ,, | Same after fermentation 2D 00 |14°55 | 0°028 0:00225| 0-0 
Results of fermentation 275 | —7:26 | ~— |-0°004 |+0°00225 — 


Chloride. 


9 


Stage of Fermentation in Peaty Waters. 
Commenced 9th March 1894. (Adeney.) 


Solution PA (=P/2+Am(Cl.) contained 0-1 
Q: 


” ” 


06923, 


grammes ammonium chloride 
; organic carbon 


Experiments with solution of Peat and Ammonium 


\ 


per litre. 
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TABLE 18—continued. 





; Date of com- Nitrogen as 
No. of | mencement Desa ‘ad Nite 
io © oe escription of Carbon | 9, cen | Nitto 
ed = of fof Experiment. dioxide. Dzygen: gen. 
nt. | clusion o Saat 
Experiment. Ammonia,| Nitrites. | Nitrates. 








3 June 18, 1894} Remainder of PA/3 after 














fermentation aerated-| 22°74 68" T1358" 0-027 0-0024 00004 
, 28, 5 | Same after fermentation | 22°18 0:0 | 13°60 | 0:023 0:0024 0°0037 
Results of fermentation |, —0°56 | —6°8 — |-0-00f — + 0°0033 
t » 28, ,, | Remainder from preced- 
| ing aerated = =|) Soil 65 | 12°99 | 0-002 0-0021 0°004 
| July 17, ,, | Same after fermentation| 16°58 0:15 | £3°09 | 0:0198 0-:00048 0: 0065 
Results of fermentation | +1:07 | —6°35 | — |-0-0022 |—0°0016 | +0-0025 
5 , 21, ,, | Remainder from preced- 
ing aerated - - |} (5:82 6:55:4:13:19% OrOL9 0:0006 0:0070 
Jan. 28,1895) Same after fermentation 6°58 0°02 | 13°29. 5 *0:048 0:0032 0-0088 
Results of fermentation} +0°77 | —655 | -— |-0001 /|+0°0026 | +0-0018 


la | Mar. 9,1894| Solution PA diluted with 
| tap water in the pro- 
portion of 1\to-9 = 








PA/10 = P/20-+ Am 
Cle - - 9-46 UD ioe AP Or 0:0 ; 0:0001 
May 14, ,, | Same after fermentation 2152 0-0 41 15:55d) «0007 0:0033 0-0 
Results of fermentation | +12:06 | —7:5 — |-0003 |+0°0033 A 
2a » . 16, ., | Remamder of | PA/10 
aerated - - - 18°99 7°24 | 14:58 | 0°007 00033 |- =U 
June 21, ,, | Same after fermentation 19°96 0-0 | 14°48 | 0°0035 0-006 0 0004 
Results of fermentation | +0°97 | —7:24 | — 0:0035 | +0°0027 | +0 0004 
3a » 22, ,, | Remainder from preced- 
ing aerated - : 14°83 772 (14:15 | 0:0024 1700009 | 7 0:0067 
Jan. 31,1895| Same after fermentation 16739 070 | 13°96 0:00005) 0-004 000815 
Results of fermentation} +3°56 | —7-2 — |-0:00239|+0°0031 | +0°00145 
lb | Mar. 9, 1894! Solution PA diluted with 
tap-water in the pro- 
portion of 1 to 19 = 
PA/20 = P/40 +Am 
Cl +e - - - 6°69 TD. 1 15°34) 0005 0:0 06001 
May 15, ,, | Same after fermentation} 15-02 0-0 | 15°55 | 00026 0°0021 00004 
Results of fermentation | +8°33 | —7°5 — |-—0°0024 |4+0:0021 | +0-0003 
2b 3 “17, .} (|) Rémamder = of *PA/20 } 
aerated = - - -}..11:82 C2. $44:37 | 00018 0:0021 0:0004 
June 20, ,, | Same after fermentation 11:06 0-0 | 14:28] 0-0001 0:00018 0°00332 
Results of fermentation | -—0°76 | —- 7-2 — |-—0°0017 |—0:00192] + 0:00292 

















Referring to the first of the two foregoing tables, we find from the first experiment 
that the organic matters in solution had not undergone a complete first stage fermentation. 
The remaining portions of the solution P were in consequence diluted with twice their 
bulk of distilled water and exposed to the air for a week to allow cf the completion 
of this stage of fermentation. We may;take it that this had the desired effect, from 
the fact that_nitrification had commenced in Experiment 2. The points most markedly 
exhibited by Experiments 2 and 3 are a formation of carbon dioxide and a loss of oxygen 
and ammonia. As regards the indications of nitrification, they are decided in the former 
experiment, but the nitric acid formed during it was only equivalent to about half the 
quantity of ammonia absorbed, while in the latter experiment no nitric acid appears 
to have been formed, although a very decided quantity of ammonia was absorbed. It 
appears from these experiments that a fermentation of small quantities of ammonia in 
the: presence of considerable quantities of peaty colouring matters may be accompanied 
byiimtermediate changes in which the ammonia’ is absorbed and carbon dioxide is 


formed, while oxygen is consumed in relatively large volumes, but from which little or 
no nitric (no nitrous) acid results. ) | 


a Pe Spy ae Fle arcs Seer ; : : i ae | a ae 2 
Remarks. The very rapid reduction of carbonic acid here shown, during the time the liquid was exposed to the air, 
W us confirmed by a duplicate analysis (5°81). The loss may have occurred by diffusion, but I have not observed 
so great a loss in any other of my experiments under similar conditions. 


t These results show that an extremely rapid oxidation of nitrous to nitric acid occurred when the liquid was 
exposed to the air between the 21st and 22nd June. The figures were confirmed by duplicate analyses. 


ee 
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In Experiment 4, the nitric acid formed is about equivalent to the ammonia absorbed. 
It is important, however, to note that this last product is the least marked result of 
the fermentation, the volume of carbon dioxide formed and of oxygen consumed being 
relatively both very much larger in quantity. 


Experiments 5 and 6 were made with a diluted portion of solution P/3 prepared 
for Experiment 2, and the former of these two experiments was commenced on the same 
day as the last mentioned. It is possible, therefore, to compare the results obtained 
with the solutions, P/3 and P/9, which differed only in degree of dilution. 


An intermediate step of fermentation of the latter solution is shown by the analysis 
of the portion I. The ammonia was completely fixed, and a quantity of nitric acid 
practically equivalent to the ammonia lost, and some carbon dioxide, were formed. 


The results obtained with the other portions of the same solution, bottles IT. and 
III., after keeping them for a further period of about six weeks, were a further iformation 
of carbon dioxide and a consumption of oxgyen, but no additional formation of nitric 
acid. On re-aerating, however, a portion of the solution in bottle I. remaining from 
the experiment, and keeping portions of it for further periods of time, one of four and 
another of six months, the formation of carbon dioxide and the absorption of oxygen 
was accompanied by a formation of a decided quantity of nitric acid. 


The products formed during this last experiment must have beer. derived entirely 
from the peaty matters present in solution. 


The influence of dilution on the fermentative changes is clearly seen when the pro- 
ducts formed during the different steps of fermentation represented by Experiments 
2, 3, and 4 with less dilute solutions, and by Experiments 5 (bottle III.) and 6 (bottle V-), 
are respectively added together, thus— 








Peon ear re ie CO,. N as NH,. | N as N,O,. 
Solution P/3° Exp. 2, 3, and 4 ~18-38° | 41473 ~ 0012 + 0003 
Solution P/9 Exp. 5 (III.) and 6 (V.) — 8:33 + 601 — 0004 + °0007 


The experiments recorded in the second of the foregoing tables were made with 
another portion of the same solution of peat, but it was mixed with a relatively large 
quantity of ammonium chloride. The results of the experiments prove that peaty matters 
when mixed with ammonium compounds readily undergo fermentation, but that inter- 
mediate combinations may occur between them during the progress of the fermentation. 


Thus from Experiment 2 we find 7:26 c.c. oxygen, and 004 grms. of ammoniacal 
nitrogen were taken up, and only -00225 grms. of nitrous nitrogen were formed; the 
volume of oxygen theoretically equivalent to this quantity of nitrous nitrogen being 
5°38 c.c., a volume much less than that consumed ; 2°75 ¢.c. carbon dioxide were also 
formed. , HES 


From Experiment 3 we find the quantities of oxygen and ammoniacal nitrogen taken 
up were respectively 6°8 c.c. and °004 grm., and that of nitric nitrogen formed -0033 
erm. ; but no carbon dioxide was formed, on the contrary, 0°56 c.c. was fixed. The volume 
of oxygen theoretically equivalent to the nitric nitrogen formed during this step of the 
fermentation is 10°53 ¢.c., a volume this time much in excess of that actually consumed. 
It thus appears from this last observation that interchanges between the peaty matters; 
carbon dioxide, ammonia and oxygen of a different character to those which occurred 
in the preceding step, took place. 


Experiment 4 demonstrates another phase of interchange; thus the quantities 
of oxygen and of ammoniacal and nitrous nitrogen taken up were, respectively, 6°35 
¢.c., °0022 grm., and 0016 grm., while the quantities of carbon dioxide and nitric 
nitrogen formed were 1:07 c.c. and -0025 grm. respectively. The volume of oxygen 
theoretically equivalent to this last-mentioned quantity of nitric nitrogen, assuming 
that part of it was derived from the nitrous nitrogen taken up, and that the rest was _ 
derived from ammonia, is 4°15 c.c., a volume again less than that consumed, ’ 
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A further phase of interchange is indicated by the results with Experiment 5. The 
quantities of oxygen and ammoniacal nitrogen absorbed, and of carbon dioxide, nitrous 
and nitric nitrogen formed were, respectively, 6°55 c.c., ‘001 grm., *77 ¢.c., °0026 grm. 
and 0018 grm. The total quantity of nitrous and nitric nitrogen was thus equal to 
-0044 grm., a quantity largely in excess of the ammoniacal nitrogen taken up. The 
total volume of oxygen theoretically equivalent to the nitrous and nitric nitrogen formed, 
assuming that both were derived from ammonia, is 11°96 c.c. There can, therefore, 
be no doubt from these results that the nitrogen products formed during this last step 
of the fermentation were derived from compounds resulting from the interchanges which 
evidently occurred between the peaty matters, ammonia and oxygen during the earlier 
steps of the fermentation. 


If the quantities of the ammoniacal nitrogen which were absorbed, and of the products 
which were formed during the several steps of fermentation represented by these ex- 
periments be respectively added together, it will be found that, although but little carbon 
dioxide was formed, distinct quantities of the nitrogen originally present in combination 
with the peaty matters must have suffered oxidation with the ammonia. 


The total figures are— 








O.. CO,. N as NH,. N as N,O,. N as N,O,. 





— 26°96 + 4:59 -— 0112 + °00645 + -0076. 








The total nitrogen oxidised was, as will be seen from these figures, *01405 grm., a 
quantity decidedly in excess of the ammoniacal nitrogen absorbed. 


4°59 c.c. of carbon dioxide is equivalent to 0025 grm. carbon, which is but a small 
fraction of the total quantity of the organic carbon originally present in the solution 
PA/3, viz., 023 grm. | 
On turning to the experiments with PA/10, we find the influence of dilution as 
markedly shown as in the case of the solutions P/3 and P/9. 


Experiment la shows ‘that the nitrous nitrogen formed was practically equal to the 
ammoniacal nitrogen absorbed, and that a considerable volume of carbon dioxide was 
formed. The oxygen theoretically equivalent to the nitrous nitrogen, 7°85 c.c., is slightly 
in excess of the volume actually absorbed. 


In Experiment 2a the nitrous and nitric nitrogen together practically equalled the 
ammoniacal nitrogen lost, but this time a very small volume of carbon dioxide was formed. 
The volume of oxygen theoretically equivalent to the two nitrogen products is 7°70 c.c., 
a volume also slightly in excess of that actually absorbed, viz., 7°24. 


It is interesting to note that the changes which occurred during these experiments 
practically consisted of a nitrous fermentation, but that when the portion of the solution 
remaining over from the second experiment was kept in a bottle only partially filled for 
a single day, the nitrous acid was almost completely fermented to nitric acid. 

During the fermentation in the Experiment 3a, the nitrous and nitric nitrogen formed, 
amounting to :0036 grm., was considerably in excess of the ammoniacal nitrogen lost, 
and a decided quantity, 3°56 c.c., of carbon dioxide was produced. The oxygen 


theoretically equivalent to the two nitrogen products, 8°81 c.c., is decidedly in excess 
of that actually absorbed, 7:2 ¢.c. 


On summing together the results of these three experiments it will be seen that, by 


the time of the conclusion of the last, nearly all the fermentable matters, both peat and 
ammonia, must have beeufermented, thus :— 





O,. CO,. N as NH,. N as N,O,. N as N,O,. 











— 21:94 +16°59 — 0089 +:0091 +:°00185 
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16°59 c.c. CO, are equivalent to 0090 grms. carbon. The organic carbon originally 
present in the Solution PA/10 was -0089 grm. Again, the total nitrous and nitric nitrogen 
amounts to ‘011 grm., while the total organic and inorganic nitrogen originally present 
was ‘011 grm. 


The volume of oxygen theoretically equivalent to the two nitrogen products is equal 
to 27°66 c.c., which is very much larger than the figures above given for the absorption of 
oxygen. We may conclude therefore that the oxygen of the peat must have taken part 
in the fermentative changes. 


The results recorded for the more dilute solution PA/20, in the first Experiment 1b, 
are similar in character to those just considered. The volume of carbon dioxide formed, 
viz., 8°33 c.c. (equivalent to :0045 grm. carbon), shows that the peaty matters must have 
been nearly completely fermented, as the quantity of carbon present before fermentation 
was only 0055 grm. 


The second Experiment 2b shows the fixation of carbon dioxide and of ammoniacal 
or nitrous nitrogen, or both. The oxygen theoretically equivalent to the nitric nitrogen, 
assuming that it was partly derived from the nitrous nitrogen lost, and from ammonia, 
is 4°73 c.c., while the volume actually consumed was 7:2 c.c. 


RELATIONSHIP BETWEEN THE OXYGEN CONSUMED AND THE Nirrovus AND NItTrIc 
ACIDS FORMED DURING THE FERMENTATION OF AMMONIA, 


The experiments which have just been considered show that when the fermentation 
of ammonia is carried on in the presence of peaty matters, the latter bodies take part 
in the fermentation and prevent the true relationship between the oxygen consumed 
and the ammonia oxidised from being discerned. The same author has published 
experiments with a solution of ammonium chloride in distilled water to which a little 
potassium phosphate and sodium carbonate were added, but no organic matter of any 
kind, with a view of accurately determining this relationship. The solution was seeded 
with a few drops of sediment from the solution of peat, P/9, remaining from some of 
the preceding experiments. 


In order to be able to compare the results of this experiment with those which would 
follow a fermentation by similar organisms in the presence of peaty matters, two experi- 
ments with portions of the same peat solution were at the same time commenced. To 
- one portion, a known quantity of ammonium chloride was added ; to the other a known 
quantity of potassium nitrite. 


The details and results of these experiments are given in the following table. 


TABLE 19.—Experiments to determine the relationship between the Oxygen consumed and Nitrous Acid 
formed during the fermentation of Ammonia.— (Adeney.) . 

















Date of 
No. of | commencement 
Experi. and of Description of Experiment. | CO, O, N, Nes x o . 0. 
ment. | conclusion of 3 a's as 
Experiment. 
1 July 23, 1894 | Solution in distilled water | 32°96] 6:48} 12:94} 00225] 0-0 0-0 





containing a known 
quantity of ammonium 
- chloride, and _— small 
quantities of potassium 
phosphate and sodium 
carbonate, but no added 
organic matter, seeded 
with a few drops of the 
mixed sediments from 
the solution of peat left 
in the bottles II. and IIL, 
after the conclusion of 
Experiment 5, recorded 
in Table 17. | | 
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TABLE 19—continued. 









































Date of 
No. of | commencement N N as N as 
Experi-| . and of Description of Experiment.| CO, | O, N, NH, N,O, N,O, 
ment. | conclusion of ¥ 
Experiment. 
Oct. 25, 1894 | Same after fermentation - | 32°72} 0-0 | 12°91} 0020 -0:00224 | 0:0 
Results of fermentation - |—0°24}-—648; — |-—0°:0025/+ 000224 =- 
1A ERA Remainder of solution from 
preceding experiment 
aerated- - - - | 31°52] 713} 14:03} 0-019 | 0.00224 0-0 
Mar. 23, i895 | Same after fermentation, ; ; 
bottle I. | 31°25) 0°04) 1337 00Ns 0:00164'|} 00 | 
jouer ¥ A » IL. | 3140) 0-06) 213-95 irG-CrG 0-00472 0-0 
Results of fermentation, I. |-027/—7:09| — |-0003 |+0-00240 - 
‘ » oo IL }4012)47-07-14.—2, 120-008. 2 00004 sane 
2 July 24, 1894 | 1,000 cc. of the mixed 
peat solutions remaining 
in bottles II. and IIL, 
from Experiment 5, 
Table 17, diluted with 
2,000 c.c. distilled water 
containing a known 
quantity of ammonium Sips 
chloride - - - | 11:04} 6°72) 13°19} 0:0045) 0-0 -0:0001 
INGY. 25,2)" 5, Same after fermentation 10:92} 0-0 | 13:38} 0:0015| 0:00016 | - 000284 
Results of fermentation - |-0-12}—6-72|. — |-0-003 |+0-00016 |+0-00274 
3 July 25, | ;, 1,000 c.c. of the same peat : 
solution mixed with 
2,000 ec.c. of distilled 
water containinga known 
quantity of potassium oa 
nitrite - - - - | 11°05} 6°72] 13:19| 0:0 0°0165 0:0025 
INDY: 00, Same after fermentation - | 10-99] 0-0 | 12:98) 0:0 00016 0:0164 
Results of fermentation - |—0:06}~6°72| — eS Aitines 0:0149 |+00139 





Experiments 1 and la show that for the consumption of 6°48, 7°09, and 7:07 c.c. of 
oxygen, *00224, -0024, and ‘00248 grm. nitrous nitrogen were respectively formed. 


Ii we raise each of these volumes to 10 c.c. for convenience of comparison, then the 
quantities of nitrous nitrogen formed willbe 00344, -0033, and -00351 respectively. 


_ _ The volume of oxygen theoretically equivalent to the average of these three quantities 
1s 8'14c.c. Thus it is seen that the volume of oxygen consumed during the fermentation 
of ammonia in the absence of all organic matter is in excess of that, theoretically equiva- 
lent to the nitrous acid formed in the proportion of 10: 8-14. This means that 18°6 per 
cent. of the total oxygen absorbed was taken up by the synthesis of constructive materials 
for new nitrogen-oxidising organisms. _ ° : 


On turning to the result of the experiment with ammonium chloride and peaty matters, 
the influence of the latter during fermentation is at once seen. Not only is the quantity 
of nitrous and nitric acids greater in the presence than in the absence of these substances, 
but the. product of oxidation is almost entirely nitric acid, and not, as in their absence, 
nitrous acid, the oxygen consumed being much the same in both cases. 


_ Ii we raise the volume of oxygen to 10¢.¢., as in the case of foregoing results, we find 
that for 10 c.c. of oxygen consumed, -00024 grm. nitrous, and *00408 grm. nitric, nitrogen 
were formed. These two weights are theoretically equivalent to -5036 and 13:02 c.c. 
ol oxygen respectively, on the assumption that they were both derived directly from 
ammonia. 
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Thus the volume of oxygen consumed in this experiment is less than that equivalent 
to the nitrous and nitric acids formed, in the proportion of 10: 13°52. 


Tue ABsorPTION OF CARBON DtoxIDE DURING A Seconp STAGE FERMENTATION. 


We have now to consider the determinations of the carbon dioxide in these last ex- 
periments, 2 and 3. These show that, although the peaty matters must have so largely 
entered into the chemical changes during fermentation, no carbon dioxide was formed, - 
and but very little could have been fixed, the small! difference recorded in the table being 
possibly largely due to experimental errors. 


It is possible, also, since the ammoniacal nitrogen absorbed was slightly in excess of the 
total nitrogen oxidised, that none of the latter was derived irom the peat, ; 


The loss of carbon dioxide shown by the Experiments 1 and la with the inorganic 
solution are important in showing that the carbon fixed must. be very small compared with 
the nitrogen oxidised, and therefore they add additional evidence to that already given 
by Winogradsky, who showed by a process of wet combustion that the assimilation of one 
part of carbon was accompanied by the oxidation of about 35 parts of nitrogen as am- 
monia to nitrous acid.* The mean loss of carbon dioxide shown by the determinations 
for the Experiment la, 1s ‘15 c.c., which is equivalent to ‘00008 grm. carbon; the ratio of 
it to that of the mean of the two quantities of nitrous nitrogen recorded for the same 
experiment, viz., °00244 grm., is as 1: 30°5. 


In several experiments recorded in the paper from which these tables are quoted, it 
appears that very definite volumes of carbon dioxide are sometimes fixed, presumably during 
the formation of organic substances, but in all these experiments either peaty matters or 
fermented animal organic bodies were present during fermentation. 


It may be concluded, therefore, that the presence of some forms of peaty matters, and 
also fermented animal matters, increases the quantity of carbon dioxide which may be 
fixed during a fermentation of ammonia. 


Tue FERMENTATION oF Nitrous Acip To Nirric AcID. 


Referring now to the Experiment No. 3 with potassium nitrite, it will be seen that, 
as in the case of Experiment No, 2 with ammonia and a portion of the same solution of peat, 
no carbon dioxide was formed, and little or none was fixed, so far as chemical analysis could 
detect. The volume of oxygen theoretically required to oxidise the quantity of nitrous nitro- 
gen which was converted during fermentation to nitric acid is 11-12, a volume much in ex- 
cess of that actually consumed. ; 


It is impossible to suppose that this large excess of oxygen was derived from the 
quantity of peat present. Possibly intermediate combinations were formed during fer- 
mentation between the peaty matters and the nitrous acid, and that part at least of the 
nitric acid found after fermentation was formed from these combinations. 


It is instructive to compare the results from Experiment 2 with those obtained 
from Experiment la in Table 18. In the former experiment an almost pure nitric 
fermentation, accompanied by the fixation of little, if any, carbon dioxide, occurred, 
while in the latter the fermentation was purely nitrous, accompanied by the formation of a 
large volume of carbon dioxide. And yet in both experiments dilute solutions of peat were 
employed, and in. each a decided excess of ammonia remained after fermentation. There 
was, however, one distinct difference between the two solutions. The one employed for 
the first-mentioned experiment had previously undergone several steps of fermentation 
before being employed in this experiment, while the solution of peat employed for the 
latter experiment was a comparatively fresh one. 








* Annales de l'Institut Pasteur, vol. 4, pp. 213, 257, 760; vol. 5, pp. 92, 577. . 
+ Loc. cit., pp. 576, 588, 597. 
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On referring to the last table, 19, it will be found that the three solutions employed 
for these experiments were seeded with similar organisms. Hence it may be taken for 
granted that, although the differences in fermentative changes in each solution were 
possibly the result of the activities of different organisms, the changes in each solution 
were dominated by its chemical composition. 


SUMMARY OF THE RESULTS OF EXPERIMENTS ON THE COURSE AND NATURE OF THE 
CHANGES WHICH OCCUR DURING THE SECOND STAGE OF FERMENTATION IN 


POLLUTED WATERS. 


We may draw the following general conclusions as regards the various phases of 
chemical change which may occur during nitrification of ammonia or of nitrous acid, when 
these are associated with nitrifiable organic substances in the presence of mixed water 
organisms, and under varying conditions of dilution and of relative proportions :— 


1. When the proportion of nitrifiable organic substances is large compared 
with that of ammonium compounds, a change may occur in which the ammonia 
is taken up, presumably to form new compounds with the organic substances, 
since the nitric acid formed is relatively very small, while very decided volumes 
of carbon dioxide are formed. | 


The volume of oxygen consumed is decidedly in excess of that theoretically equiva- 
lent to the oxidised inorganic products formed during the fermentation. 


2. When the same solution is diluted, the fermentation may take a different 
course; the volume of carbon dioxide formed is decided, and the ammonia. 
becomes entirely absorbed as before, but the oxidised inorganic nitrogen product 
is practically exactly equivalent to the ammonia absorbed. 


_ The oxygen consumed is practically equal to that theoretically equivalent to the 
inorganic oxidised products formed. ) 


3. Only nitric acid appears to be formed in the solution under the stated con- 
ditions. | 


4, When the quantity of peaty matter is not large in proportion to that of 
the ammonium compounds, a fermentation may occur, during the earlier steps, 
of which intermediate combinations between the peaty matters and the am- 
monia appear to take place, since during such steps the oxidised inorganic nitro- 
gen compounds formed are not equivalent to the ammoniacal nitrogen taken 
up, while during later steps they are found relatively to increase in quantity, 
and finally to become equivalent to it. Under these conditions the volume of 
carbon dioxide formed may be relatively extremely small. 


The volume of oxygen consumed is under these circumstances very much less than 
that equivalent to the total oxidised inorganic products of the fermentation. 


5. With the conditions stated in Paragraph 4, it appears that the nitrogen 
fermentation is both nitric and nitrous, the former predominating. 


6. When the solution referred to in the same paragraph is diluted, the course 
of fermentation is much modified. From the first a large volume of carbon dioxide 
is formed, and the oxidised inorganic nitrogen is practically equivalent to the 
ammonia absorbed. ‘When, further, the fermentation is pushed to completion, 
both peaty matters and ammonia appear to undergo nearly complete oxidation 
to organic products. 


; The volume of oxygen consumed may be, under these conditions, also very much less 
than that equivalent to the total oxidised inorganic products of the fermentation. 
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7. It is to be noted that the nitrogen fermentation in the dilute solution is both 
nitric and nitrous, the latter predominating, at least in the earlier steps of the 
fermentation. 


8. The changes which peaty matters may undergo in the presence of decided 
quantities of ammonia during fermentation may vary with their nature, that 
is, whether they are fresh or have previously undergone some steps of nitrification. 


9. Second stage fermentative changes can only proceed in the continual 
oresence of dissolved oxygen. They cease altogether under anaerobic conditions, 
and no other changes, such as those which occur if anaerobic conditions are 

_ established during the first stage fermentation, are set up. 


DEDUCTIONS FROM THE FOREGOING EXPERIMENTS ON THE CouRSE AND NATURE OF THE 
CHANGES WHICH OCCUR DURING A SECOND STAGE FERMENTATION. 


On reviewing the results of the foregoing experiments, we find that the oxidation of 
ammoniacal nitrogen to nitrous and nitric acid constitutes the central feature of a second 
stage of fermentation, just as the oxidation of organic carbon to carbon dioxide constitutes 
the central feature of the first stage. Itis evident, therefore, that the products, nitrous and 
nitric acids, of the one stage are the analogues of the product, carbon dioxide, of the other. 

‘We may consequently term the two stages of fermentation the carbon oxidation stage 
and the nitrogen oxidation stage. 


It is well known that dilute solutions of ammonia cannot be oxidised beyond 
nitrous acid during a second stage fermentation in the absence of nitrifiable organic 
substances, although both nitrous and nitric acid forming organisms may be present.* 
It is shown by the experiments, which have been summarised, that the presence of these 
substances is necessary for the oxidation of ammonia to nitric acid. 


The changes which nitrifiable organic substances may undergo appears from the 
experiments to be very variable. For example, when fresh, a portion of their carbon is 
readily oxidised to carbon dioxide; and then, if they be unassociated with ammonium 
compounds, they cease to undergo much further change. 


These experiments therefore confirm the observations which Frankland made with 
reference to the oxidation of peaty matters, viz., that the carbon which it contains dis- 
appears much more rapidly than the nitrogen. He found that the proportion of carbon 
to nitrogen may be :— 


In peat - - - - - - f - 2 i : : - ea ee ee 
In unoxidised peaty matters in upland surface waters - - : - eis hear 
In the same after exposure in lakes and large reservoirs - - : - ce eck. 
In spring water containing peaty matters - : : 7 : SE EI 


When both nitrifiable organic substances and ammonium compounds are present: 
together in a polluted water, both may be completely fermented, if the latter be in excess. 


The volume of oxygen actually absorbed in the second stage of fermentation does 
not bear a constant ratio to the oxygen theoretically equivalent to the nitrous and nitric 
acids formed. The volume may be greater than the theoretical, e.g. 10: 8°14, if nitri- 
fiable substances are wholly absent, or less, e.g. 10 : 13°5, if these are present in large 
quantities and freshly formed. 








* Boulanger and Massol have showed that ammonia inhibits the development of nitric-acid-forming 
organisms, but not their activity when once developed. Annales de !’Institut Pasteur, XVIT. and XVIII. 

+ Purvis and Coleman have recently shown, Jour. Roy. San. Inst., 1906, pp. 433-441, that sea water 
exerts a very decided retarding effect on nitrification. 


t Rivers Pollution Commission, 6th Report, pp. 6-10. See also article on ‘‘ Water,” by P. Frankland, in 
Thorpe’s Dictionary. 
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Where, as in ordinary cases of polluted tidal waters, nitrifiable organic substances 
are unlikely to be present in any but small proportions ; the volume of oxygen required 
for the nitrification of the ammonia which they contain can be calculated with sufficient 


accuracy from the equation— 
2 NH,+4 O,=N, 0;+3 H,O 


PART VI. 


Tun CLASSIFICATION OF ORGANIC SUBSTANCES TO BE FOUND IN PoLLUTED WATERS 
AccorDING TO’ THEIR FERMENTATIVE PROPERTIES. 


It follows from the experiments which we have considered, and from the conclusions 
which are deducible from them, that the fermentable matters which occur in polluted 
waters may be divided into three classes, thus, (1) The organic matters which are capable 
of undergoing the first stage of aerobic fermentation ; (2) The organic matters which 
have already undergone that stage, but which will undergo further change during the 
second stage of fermentation ; (3) Ammonium compounds which also undergo fermenta- 
tive change during the second stage. 


It is taken for granted that antiseptic substances are excluded, since they should 
never be allowed to escape with polluting matters into tidal waters in quantities sufficient 
to interfere with subsequent fermentation. | 


The first class probably includes nearly every known organic substance, except 
antiseptics. Munro showed some years ago in a paper entitled “The Formation and 
Destruction of Nitrates and Nitrites in Artificial Solutions and in River and Well Waters,’’** 
that not only are such simple bodies as acetates and oxalates attacked by the organisms 


usually present in soils and water, but also such unlikely substances as ethylamine, | 


cyanides and thiocyanates, and he concludes that it would be difficult to make out a list 
of organic compounds which are not fermentable when dissolved in natural waters and sub- 
mitted to the action of the mixed organisms contained in them. Especially is this true 
in the case of mixtures of organic substances when dissolved in natural waters. 


There appears to be, however, some exceptions to this rule. For example, one of the 
authors (Adeney) has observed that some of the aniline dyes resist fermentative change 
to a remarkable degree. When crude sewage is coloured with methylene blue, it may be 
completely fermented without the colouring matter being appreciably affected, except 
under anaerobic conditions, when the colour is discharged ; but even then the colouring 
matter is not destroyed, since the colour returns on the liquid becoming re-aerated. — * 


As regards the second class of substances, it includes, as we have seen, the organic 
matters in peaty coloured river waters and in the humus of cultivated soils, the organic 
matters found in drinking waters, and in polluted waters purified by aerobic bacterial 
fermentation. 


It has been suggested that the first stage of fermentation should be designated 
by the terms bacteriolysis or aerobiolysis, and that the use of the term nitrification should 
be restricted to the second stage. The terms carbon oxidation and nitrogen oxidation, 
however, more accurately describe the two stages of change; and it is important that 
it should be clearly indicated that none of these fermentative changes take place without 
heat evolution. ) 


With the employment of these terms we may also adopt the classification of the 
bodies which occur in polluted waters, into— 


(1) Carbon-oxidisable bodies, or carbon-fermentable, or all fermentable 
crganic substances which have not undergone carbon-oxidation. | 


(2) Nitrifiable or nitrogen-fermentable organic substances, that is, organic 
bodies which have suffered carbon-oxidation. . 


(2a) Ammonium compounds. 





*C.8. J., vol. xlxxxi., p. 677. See also p. 651. 


t 


+ ‘The Course and Nature of Fermentative Changes in Natural and Polluted Waters,” Trans. Royal 
Dublin Society, 1897, pp. 270-271. ; 
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PART’ VII. 


THe Direct ABSORPTION OF DISSOLVED OXYGEN BY DE-AERATED POLLUTED 
. WATERS AND BY DiRECTLY AND EASILY OXIDISABLE SUBSTANCES. 


We have so far considered the absorption of dissolved oxygen from indirect fermen- 
tative causes. As stated in the introduction to this section, polluted waters may directly 
affect the aeration of waters with which they may become admixed, owing to their state 
of possible de-aeration, and owing to their possibly containing easily oxidisable sub- 
stances. 


Thus, if de-aerated liquid sewage matters be mixed in equal proportions with 
unpolluted waters, the aeration of the latter will be immediately reduced by one-half ; 
and this will be irrespective of the strength of the sewage as regards fermentative sub- 
stances. It may result from an otherwise good effluent, if it be de-aerated. 


If, therefore, a sewage effluent is discharged, in large proportions, into a narrow tidal 
way by reason of its high degree of purification, it is important to consider the state of 
aeration, since, if this be low, it may possibly reduce that of the tidal water to a 
dangerous degree, notwithstanding its otherwise good qualities. 


But little attention appears to have been given to the state of aeration of sewage. 
or of sewage effluents at the time of discharge into tidal waters. It may be safely 
assumed, however, that effluents from septic tanks, or from precipitation tanks, are 
completely de-aerated ; so also effluents from contact beds. A number of analyses of 
effluents of this description by one of the authors (Letts)* is given in the subjoined table. 
It will be seen that in every case they were practically free from dissolved oxygen at the 
time of collection. 








* Report on the Scheme of Sewage Purification proposed for Belfast, and its probable ¢ffects on the 
Lough, p. 29. ; 
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TABLE 20.—SHowine SraTE OF AERATION AS WELL AS THE COMPOSITION 



























































































































































Rain- Parts per 100,000. Cubic centimetres per litre 
fallat 9 at N.T.P 
a.m. Solids. 
- on day 
E | Davo. | Neral the | oa] Sampended, | Dissolved Dissolved. Gases. 
“2 for G ; 
past 24 wee Resi- 
hours. |ir;xed| Volatile (Total.|Fixed| Volatile|Total. panic |OX¥"| dual | Total. 
(ins.) | I eee 
ride. : 
1 | dante aiSéwagesee wer 3-4 | 10°7 [14:1 | 81-4] 22:0 |103-4|117-5| 122-97 | 0 |18-06 | 141-03 
(Sun.) | pirst Efftuent -| 0 2 4 25 ae - | = | = {13060 | 0 {18-43 | 149-03 
she ance ; ’ 4 |137-0} 25-0 |162-0 |162-2 | 126-72 | 0-19/20-06 | 146-97 
2} Jon. 20| Sewage -  - 40 | 44 | 84 | 73:7) 171 89°56 | 0 {18-26 | 107-82 
(Sun). | pst Effuent - | 0-06 : & a es) aa 94-76 | 0 {19-26} 114-02 © 
Ganond BAtnent® q y 2°3 | 90:4] 15°6 88:70 | 0 |18:87 | 107°57 
3 | Jan.29| Sewage -  - 2-7'| 86° | l3 atest ee 10237 | 0 |18-89 | 121-26 
(Tues:) First Effluent - | 0-08 Se - is a i 104°28 | 0 |19°77 | 124-00 
Second Effluent* 1-3:| ly eel er Ss 99-64 | 0 |20-24/ 119-88 
4| Feb,5 | Sewage - - 3-1 | 12:2 |15°3 | 85-7) 222 102-12 | 0:05/18-89 | 121-06 
(Tues.) | Wrst Efinent - | 0-005 | — 5 = » - 109-36 | 0 {19°74 | 129-10 
Second Effluent* 1°29] 49:6, | 3-8) (G7 pieate:e 10559 | 0 |20-12| 125-71 
5 | Feb.12| Sewage -- - 7 1 9-0 |11-7 |135°6] 28-9 110°91 | 0 |18-08 | 128-99 
(Tues) | First Effluent .- |.0-010 | =: iimeanline Gane ae 125-41 | 0 |19-82| 145-23 
Second Effluent* q q 24 1122-31 21-6 118°55 0 |20°85 | 139°40. 
6 | Feb.19| Sewage -~— - 1-7 | 12-7 [14-4 |161-4| 37-3 108-83 | 0 |18-04 | 126-87 
(Tues.) | prs EAluent -| 0-016 | — Piya esos - 128-72 | 0 |18-97 | 147-69 
Second Effluent* TZ 2°9 4-1 |150°9| 243 129714 | O {21:00 | 150-14 
7 | Mar.3| Sewage - - 105 | 80 |185 | 65:3) 14-2 87°10 
(Sun.) First Effluent - | 0°43 me - = - — - 
Second Effluentt q 2 bef 97347125 91:56 
8 | Mar.10| Sewage - - ? q 6-7 | 92-4] 19-7 107-37 
(Sun,) First Effluent — - 0 os a - - - - 
Second Effluent} 0-4 vat OE ALO. A135 124°16 
9 | Mar. 22| Sewage - - 11 | 15:2 |16°3 |129°4) 41°3 98°27 
(Fri.) First Effluent — - 0 -~ = _ = = - 
Second Effluenty 9-2 4°5 6°7 |130°8} 20°5 124-43 
——4 Pee aS ee (ee ee i 
1) | May 17| Sewage -~ - 0-9 | 31:1 | 32-0 |293-4| 72°6 10495 | 0 |17-15 | 122-10 
(Fis.) First Effluent - 0 = = = bs = ee mas _ -{ — = 
Second Effuentt ? 2 1:7 |229°8| 44-2 |274-0|275-7|112-77 | 0 |16-18 | 128-95 
11 | May 31| Sewage -~ - 3°9 | 18:2 | 22-1 1293-9) 48:1 |272°0/294°1| 95°64} 0 |16°03/ 111-67 
(Fri.) First Effluent - | 0°33 = 3 2 = Eee ot “ee * ney P= = = 
Second Effluent+ 18 | 67 | 85 |199-4| 33-6 |226-0|234:5|126-15 | 0 15-19] 141-34 
12 | June7 | Sewage -~ - 17 | 12-7 | 14:4 |223-2| 50:3 [273-5 |287-9/115-30 | 0 |17-19| 132-49 
(Fri.) First Effluent — - 0 = ae a vl os a ns Bo S14 1 ee by 
Second Effluentt ? ? 5-4 |231-51 33:3 [264-8 |270-2 | 158-22 | 0 {15°68 | 173-90 





* Samples for dissolved gases collected from mid depth of Bacteria Bed. 
” ” ” 2 6 inches below the surface of Bacteria Bed. 
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OF SAMPLES OF SEWAGE AND EFFLUENTS (Letts). 








Free 





Ammonia. | Ammonia. 


2°43 
1-48 


1°48 


0°82 
0°39 


1°84 


115 
0-74 


1°56 


1:07 


0°66 


2°47 


1:90 
1°32 


2°30 
1:58 
1°32 


115 


0°82 
0°46 


1°65 


1-05 
O74 


1:90 


1°25 - 


0-90 


2139 


2°24 
1:56 


2°04 


1-65 
1:07 


3°21 


2°63 
1°81 


Nitrogen as :— 


Parts per 100,000. 











Oxygen absorbed Test at 








































































































Unoxidised. Oxidised. 80 F.— After. 
Chlorine. 
Sum of Free 
Albumenoid and Total. Nitrit Nitrat 3 4 5 Days’ Incuba- 
Albumenoid | (Kjeldah.) Wes. | ANIUTALeS.| vrinutes.| Hours. |tion (3 Minutes). 
Ammonia. 
0-92 454 5-60 0 e 10°87 “= 544 
0°39 2°82 OS 0 = 4°68 ~ 60:0 
0:16 1°64 2°31 0 = 2°56 - 63°8 
0°66 alae | 0:04 1°88 6°89 3°68 28°7 
0°33 115 0:99 0) 0°83 2°84 0°90 35°0 
Traces. 0°39 0°82 0:04 0:30 1:87 0°45 38°0 
0°58 492 2°96 0 1°82 6°00 eas 36°2 
0°53 1°68 2°04 (0) et? BOY 0-72 35°2 
Traces. 0-74 0:91 0:08 0°56 Nay 0°62 oOo 
0-74 8 2°80 0 2°34 8°38 yale 34°2 
0°33 1:40 1°56 0 LO ey eal 34:7 
Traces. 0°66 0°66 0-04 0-78 9°15 0°85 34°9 
0:74 Fil 3°62 0 0 2°44 8°44 6°52 64°8 
0-41 2°31 2-55 0 0 1:29 | 3-67 1:80 BT 
0°36 1:68 Listes 0 0:10 0:86 DIS, 1:07 H6:D 
0:91 BHA le 4°12 0 0 ayo! all 9°73 8:98 80:0 
0°56 2-14 2°80 0 (0) 1°66 4°85 Bae 75°5 
0°39 Let 1:81] 0 0:02 0:91 3°07 1:42 4222 
0:41 56 2-14 0 0-18 6h 4:65 2°45 rail 
0:20 1:02 1 0 0 0:73 15) 5) 0:99 32°6 
0:20 0:66 0:91 0 0:08 0°48 1:28 0°40 40:0 
0°50 2°15 ee Traces. 0:10 1:67 Heb 2 3°02 38°0 
0°30 1:35 I7AS} 0 0:02 1:20 DO 1°55 40°2 
; 0:20 0°94 EOF 0 0:06 0°60 1°68 0°69 AEE 
POLY) 2°95 3°46 0 0:04 3°49 oil 8°39 61°5 
0-72 1:97 2°80 0 0 2°18 7°25 6:13 61°5 
0°41 1:31 1°65 0 0) 1:20 ‘60 1:98 61°5 
1°91 4°30 5°43 0 0 5-55 18°81 8°40 158°6 
0:91 aby 3°46 0 0 meal 9°29 8:77 138°6 
0°49 2°05 SEY F 0 0 el 4°81 3°26 122-1 
0-91 2°95 3°79 0) 0:02 3°58 9°66 10°05 118°5 
0:59 2°24 enlee O 0 2°01 5°67 4:97 107°3 
0°39 1:46 1°89 0 0) Vey 2°89 1-78 100°3 
1:40 4°61 5:43 0 1-31 4-07 9°85 11°44 Se 
0:99 3-62 3-82 0 0-12 271 T 51 7:46 119-2 
0°53 2°34: 2°63 0) 0°00 1 5th 3°70 2°66 aN ee 
G 
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Dr. McGowan has given in his Report to the Royal Commission on Sewage Disposal, 
on “The Land Treatment of Sewage.”* determinations of dissolved oxygen in a large 
number of effluents from land treatment, which show that the aeration at the time of col- 
lection may vary from about half the air saturation value, at 15° C., to zero. 


It is probably safe to assume that only very good effluents from land treatment, or 
from slow intermittent filtration, are likely to be aerated to a degree shown by Dr. 
McGowan’s analyses, viz., 4 c.c. oxygen per litre. 


Again, if crude sewage, which contains easily oxidisable chemicals or products of 
putrefaction, be discharged into a tidal way by reason of its comparatively small bulk, 
it may have a. much more serious effect upon the aeration of tidal waters than appears to 
be generally recognised; the solids, moreover, may form permanent deposits along the 
bed, and these will undergo anaerobic ferment, the reduced products of which will cause a 
direct de-aeration of the water as already indicated. 


Experiments bearing upon the effect of easily oxidisable substances in polluted 
waters will be described later on, Tables 35, 36 and 37. 


PARI gV LE. 


1. THe INFLUENCE oF NITRATES AND NITRITES ON FERMENTATIVE CHANGES IN 
POLLUTED WATERS, 


The influence of these bodies on fermentation, when present in sufficient quantity, is 
now well acknowledged. They prevent putrefaction. One of the authors (Adeney) 
showed some years ago that the first stage of aerobic fermentation of a sample of sewage 
could be completed in the presence of a supply of nitrate of soda. The following are the 
results of analysis, expressed in parts per 1,000, of a sample of sewage to which had been 
added an excess of nitrate of soda, before and aiter keeping it for two months out of con- 
tact with the airt :— 




















=e Co, Os N, N as NH, 
Before - E 80°87 3°8 phy alsy/ 0:06 
‘A ttor ne 4 315°0 0 24°29 0:08 
1994-13 _ 38 +.6-72 0-02 








A portion of the sample of sewage when mixed with tap water and allowed to ferment, 
yielded 250 c.c. carbon dioxide per litre on completion of first stage of fermentation. 

The results of a series of experiments with nitrated sewage has recently been published 
by one of the authors (Letts). They are given in the following tablet :— 


Taste 21.—DissoLvep Gases found in Septic Tank Effluents (A) with added Potassium Nitrate and 
(B) alone, after-certain Intervals of Time. (Letts). 


(Results in Cubic Centimetres Per Litre at O°C. & 760 mm. 




















depletes 1 3) 3 4 5 6 
See | None | Worsted 
Nitric Nitrogen added in parts per Aerated ean 
100,000 : : = - 2°5 5-0 2°5 2°5 25 2°5 

Time interval in hours - : = 48 24 24 24 24 24 
3 Carbonic Anhydride - - 169°97 155°68 153°34 158°01 165°85 149°63 
3 Nitrogen - - -  -| ° 39-192 29402 34-219 32°41 36°16 33°53 

<3 Nitrigtieds © ©- 4). = ’ + 6-99 6-31 0:00 0-00 
é Marsh Gas - ao q 2 q as H| 2°63 0:00 
PL Dyers tone Go fee Sst! 0-00 0-00 0-00 | 0-00 0-00 0:00 





a 
; sey cae of the Royal Commission on Sewage Disposal. Vol. IV., Part II. 
ne Pe a pre Advances in Bacterio-chemical Study of Sewage.” Proceedings of Civil Engineers of 


} Second Report on the Scheme of Sewage Purification for Belfast, 1904. 
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= | 1 | 2 | 3 | 4 | 5 | 6 
“4 _ ( Carbonic Anhydride -| 126-68 150-99 118°10 127°31 120-44 92°52 
— . 
ex & | Nitrogen -~ - -| 18-84 18°86 15°62 16°55 16°48 13°94 
ons 
23 Marsh Gas - - 7 q q 1-94* 2°92 1:72 0°14? 
D Oryesae  - - ~~ 0-00 0-00 0-00 0-00 0-00 0-00 








in Nitrated Sample) - 43°29 4°69 35°24 30°70 45°40 57-11 








Carbonic Anhydride (Excess 
g Sessa as Nitrogen and 
E Nitric Oxide (Excess in 
& Nitrated Sample) - - 19-28% 10°54? 22°08? 19°12 19°68 19°59 
© | Marsh Gas (Excess in Nitra- 
ted Sample) - — - ’ Q 1 0:45 0-91 0-141 
* Marsh Gas - - - 1°48 11.9) 
Hydrogen = tee Aga ada 


There can be little doubt that nitrates can act as a substitute for dissolved oxygen for 
the first stage of fermentation of the organic matters in sewage. But when both are pre- 
sent, the dissolved oxygen is completely absorbed before the nitrates are apparently 
affected. This point is well illustrated by some analytical results recorded by one of the 
authors (Adeney) in the paper just quoted. Two samples of slightly polluted water were 
collected from two points along a small stream, one a little below the other, and analysed 
with the following results, which are expressed in parts per 1,000 :— 






































Co, Os N, Nias i, N as N,O, N as N,O, 
1 116-05 5-99 15-08 0:0044 0:00024 0:00992 
123-68 0 eG wap 0-005 0 0-009 
42763 ~ 5-99 + 2-09 + 0:0006 ~ 000024 ~ 0:00092 
2 116°39 7-38 15°58 0:0013 0-00018 0:01084. 
119-71 0 15635. 0:0006 0:00016 0-01174 
Le 8-29 i Ve ~ 0-0007 ~ 0:00002 + 0:0009 














In the results given for Sample 1, the characteristic changes of a first stage fermentation 
are seen. It is also observable that the dissolved oxygen originally present was 
insufficient for this process, and that the nitrates were drawn upon for a further supply 
of that gas. The proof of this lies in the increased volume of nitrogen found after fermenta- 
tion, and the decrease in quantity of nitrates and nitrites. The results recorded for 


Sample 2 show that the fermentative process which occurred in the water collected from 


the ides point in the stream was largely confined to that of nitrification. 


The foregoing results are confirmed by some experiments which have been made by 
Dr. Gilbert J. Fowler*, and also by some experiments quite recently made by one of the 
authors (Letts). -The results are recorded in the two subjoined Tables. The results of 
these experiments not only show that dissolved oxygen is absorbed before nitrates and 
nitrites are appreciably reduced, but also that the latter bodies do act as oxygen carriers’ 
and prevent putrefaction during bacterial fermentation. 





* Annual Report of the Rivers Department of the City of Manchester for year ending March 27th, 
1901, Table 22. 
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Dr. McGowan makes the following statement in connection with this subject in his 
report already referred to, p. 326 :— 


“There appears to exist doubt in some minds as to whether an effluent, when left to itself, exhausts its 
dissolved oxygen before beginning to use up its nitrate, or whether both are utilised simultaneously. But 
we think that the various results bearing upon this point which we have obtained (and which are to be found 
in the various Chemical Tables of Analyses) are in accordance with the earlier observations of Adeney, which 
were based on the work of Munro (Journ. Chem. Soc., Vol. 49, p. 651) and of Gayon and Dupetit (Station 
Agronomique der Bordeaux, 1886), and strengthen the conclusion that, in accordance with chemical theory, 
the oxygen is consumed before the nitrate is touched, provided that the liquid is free from suspended organic 
matter. Should the latter be present, the upper layers of liquid might still conceivably contain some 
free oxygen, while the nitrate in solution in the lower layers was being attacked by adjacent organic matter 
in suspension.” 


The experiments which have been quoted make it evident that the real value of 


~nitrates, when present in sewage or in effluents, in sufficient quantity, is that they ensure 


the absence of reduced products of anaerobic fermentation, which may not only be pois- 
onous per se, but, as already pointed out, will consume the dissolved oxygen of waters with 
which they become mixed. Instances of the different effects of nitrated and of non-nitrated 
sewages when discharged into tidal waters will be found described in the section on the 
Kstuary of the Liffey, pp. 282-288, 299-300. 7 


2. INFLUENCE OF MANGANESE PEROXIDE ON FERMENTATIVE CHANGES IN SOLID 


SEWAGE MATTERS. 


One of the authors (Adeney) has shown that freshly precipitated hydrated manganese 
peroxide, when mixed with solid sewage matters, exercises precisely similar functions 
towards them as nitrates and nitrites can do towards organic substances in solution. 
He noticed some years ago * that when the freshly precipitated peroxide was left im- 
mersed in sewage for four or five days, it became completely reduced to manganeous car- 
bonate. He referred the reduction to the influence of water bacteria, and pointed out 
that the decomposition was probably analogous to the decomposition which nitrates 
undergo. It would then be expressed by the following equations :— 


(1) 2Mn0, ~ 2MnO + O,. 
ye Pop HeSCO,, 
(3) MnO + CO, = MnCO,. 


These reactions would be attended with the evolution of a considerable quantity of 
heat, and would therefore constitute a source of considerable energy to the bacteria, as 
shown from the following thermal data taken from Thomsen’s “ Thermochemische 
Untersuchungen ” :— 











2Mn, O, H?20 = 189,440 
2Mn, O?, H20 = = _: 232,660 
— 43,220 

C, 0? — 96,960 
MnH?02, CO? Aq = 13,230 
110,190 

43,220 

66,970 





The same author also observed that freshly precipitated peroxide suffers reauction 
to manganous carbonate when it is mixed with solid sewage matters. He put this to 
test on a large scale, as already described, page 32. 
pe ee een ne] Bote ti Lich aaat itil Os <ul hers cide hiss yee dln eee 


ev: “On the Reduction of Manganese Peroxide in Sewage,” Scient. Pro. Roy. Dub. Soe., Vol. VII. (1894), 
p- 247, 
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Some pieces of the reduced peroxide were submitted to analysis, with the following 
results :— 





Insoluble mineral matter : ; : - a2 
Moisture - - - - : - - - 15°68 
Organic matter insoluble in dilute HCl . - 4°0 
Organic matter soluble in dilute HCl - - ts ee 
MnO : 5 - - : - : 24°6 
CaO : - - : - : - - Sabi Mic 7) 
Fe,O, and AI,O; M : 3 3 : J 0a 
MgO - ; : ; < , S , parey iP 
Na,O and K,O - : - - - - - ee 
(NH,).0 - - = .\- 9 - =) =) 
NiO, CoO, ISO - - - - - - traces 
CO» ne ee ere AR 
SO; F : : ° = ~ : - ~— Amen 
P.O; rrr PR 
Cl % ‘ 2 F : = - - - trace 
100° 695 


It is evident from the above results that the manganese was present mainly as man- 
ganous carbonate. A careful examination was made for peroxide, but with negative 
results. An examination for nitrates was also attended with negative results. 


No trace of sulphuretted hydrogen or other products of putrefactive fermentation, 
such as are invariably met with when sewage solid matters alone are kept under similar 
conditions, were detected. 


The organic matters associated with manganous carbonate were found to be of con- 
siderable interest. A combustion of some of the air-dried substance gave the amount of 
organic carbon, after allowing for the inorganic carbon, as = 4°7 per cent., and a deter- 
mination of the organic nitrogen by Kjeldahl’s method gave 0°67 per cent. 


As will be gathered from the Table giving the results of analysis, a portion of the 
organic matters present was taken up by the dilute acid employed for dissolving the sub- 
stance. Practically, however, all was left undissolved when the solution was evaporated 
to dryness, and the residue treated with concentrated hydrochloric acid and water, in the 
ordinary way, for the separation of soluble silica. The organic matters, which were sepa- 
rated in this way, were brownish-black in colour, and were completely soluble in a dilute solu- 
tion of sodium carbonate, giving rise to a solution of a deep brown colour. They seemed, 
in fact, closely associated in chemical and physical characters with the colouring matters 
of peat, and also with the cclouring matters which are formed where soluble sewage- 
matters are oxidised by microbes in the presence of an excess of atmospheric oxygen. 
From the influence which the peroxide appears to have exerted on the products of fer- 
mentation of the organic matters with which it was associated, and the reduction and 
conversion into carbonate which itself suffered, it may fairly be concluded that the decom- 
position of the peroxide under the conditions described may be regarded as a fermen- 
tation consisting of the direct oxidation of organic carbon at the expense of the available 
oxygen of the peroxide; that, in fact, the insoluble peroxide exerts, when mixed with 
solid fermentable matters, an influence, and undergoes a change, which nitrates and 
nitrites undergo when present in an over-polluted water. 


PART Sx 


THe Dissotven OxyGEn ABSORBED IN EACH Stage or AEROBIC FERMENTATION COM- 
PARED WITH THE “ Oxye@nn ConsumMED” From ActiD PERMANGANATE. 


We have already stated that Dr. Dupré showed some years ago (1884) that the amount 
of dissolved oxygen taken up by natural waters, in which bacteria are active, is very much 
greater than the amount of oxygen which the same waters take up from a solution of per- 
manganate. One of the authors (Adeney) confirmed this observation for polluted waters 
containing carbon-fermentable organic substances in one of his papers already referred to 
(1895), and further showed that in the case of waters containing only nitrifiable organic sub- 
stances and ammonium compounds, the dissolved oxygen consumed by the fermentation of 
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the former substances is probably much the same in volume as the “ oxygen consumed ” 
from acid permanganate. Thus the crude sewage employed for the experiments recorded 
in Table 10, p. 28, was carefully examined as regarded its “‘ oxygen absorption ” from 
standard acid permanganate during three hours in the cold. 


The results showed that the volume of oxygen so absorbed was much less than that 
absorbed by a similar quantity of the same sewage from dissolved oxygen during the 
complete first stage fermentation, thus— 


Oxygen absorbed from permanganate, per litre of sewage - - - 50°2 ce. 
Dissolved oxygen absorbed on completion of the first stage of fermentation, per 
litre of sewage, Table 10 - - - es oc - - - - - 127-0 ee. 


The sample of sewage effluent from a gravel filter bed which was employed for the 
experiments on the course of change during the second stage of fermentation, Table 14, 
p. 31, was also carefully examined as regards its “oxygen absorbed” from acid per- 
manganate. It will be seen from the following results that the oxygen absorbed by the 
fermentation of the nitrifiable organic substances present in the sample could not have 
absorbed much dissolved oxygen, much the greater portion of it being taken up by fermen- 
tation of the ammonivm compounds. The volume actually absorbed by them was less than 
the volume absorbed from acid permanganate. There is little doubt, however, that in the 
fermentation experiments the nitrifiable organic substances were not completely oxidised. 
TABLE 22.—Experiments to compare the Volumes of Dissolved Oxygen Absorbed during a Second Stage of 


Fermentation, with the “ Oxygen Consumed ” from Standard Acid Permanganate during Three Hours 
in the Cold. The figures for the Fermentation Test are taken from Table 14, p. 31 (Adeney). 























Volumes of gases expressed in c.c. per litre. 
“Oxygen absorbed ” 
from 
Fermentation Test. acid permanganate 
acting in the cold for 
Sample. ; three hours. 
Carbon dioxide | Oxygen=to N,O, and | Volume of oxygen 
formed. N.O, formed. absorbed. 
Sewage effluent from ; a. ag _ 
a gravel filter bed. 15°8 42°44 48°88 16:2 




















One of the authors (Letts) and his pupils have also shown that no relation exists be- 
tween the oxygen actually consumed by the fermentation of the carbon-fermentable 
organic matters in a polluted water, and the “ oxygen absorbed ” from acid permanganate.* 


The experimental data from which this conclusion is drawn will be found in Table 
27, page 70. : 

It will be sufficient to consider the figures obtained in Series 1 of this Table. 
First, if we take the results obtained from the “‘ oxygen absorbed ” test in the original 
mixture and contrast it with the oxygen actually absorbed in forty-eight hours, the figures 
are, respectively, 0:°144 parts by weight per 100,000, and 3°21 c.c. per litre. The latter 
is equivalent to -0046.grms. per litre, or 0°46 parts by weight per 100,000. In other 
words, the oxygen actually absorbed was about three times as much as the amount 
shown by the permanganate test. 


Next, if we contrast the differences in different periods of the two tests, and translate 
them into the same units, we obtain the following figures :— 


Differences between “ oxygen 


Dissolved oxygen actually absorbed ” originally, and 





disappearing after :—-- Lee 
6 hours” - - 0:0043 0-018 
24 hours” - - 0:2996 0:036 
48 hours” - - Q:4602 0:063 





The figures represent parts per 100,000, and should, of course, correspond if the oxygen 
of the permanganate acted in the same manner as the dissolved oxygen. This, of course, 
was not to be expected, but it is a remarkable fact that a more energetic oxidation is 
induced by organisms and free oxygen than by the permanganate solution. 


* Loc. cit., p. 340. 
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The difference between the products of the action of permanganate and of living 
organisms on polluted waters is obviously due to the fact that the former are the result 
of partial chemical oxidation, while the latter are the result of a number of physiological 
processes, respiration, enzymic action, construction and excretion, set up by organisms 


in an active state of growth and multiplication. 


PART X. 


Tue RATE OF RE-AERATION OF FRESH AND OF SALT WATERS AFTER BEING 
DE-AERATED BY POLLUTING MATTERS. 


Before the subject of the rate of absorption of dissolved oxygen which may be allowed 
in polluted tidal waters within the limits of safety to fish can be usefully discussed, 
it will be necessary to gain as definite ideas as possible of the rate at which re-absorption 
from the air will take place under calm weather conditions. a 


It is known that the re-aeration of waters in calm weather, when they have become 
partially or wholly de-aerated by pollution, takes place with extreme slowness. Two 
experiments by one of the authors (Adeney) illustrate this in an instructive manner. 

Experiment A.—A large cylindrical vessel, 184} inches deep, and 10 inches diameter, 
was fixed in a thermostat, and nearly filled with sea water, which had been previously 
boiled to expel the greater portion of the dissolved gases. The thermostat was kept at 
a constant temperature, 13°5°C. 


Sea water saturated at 13°5°C. contains 11°67 c.c. nitrogen, and 6°00 c.c. oxygen, 
per litre. 





Gases at O°C. and 760 mm., bar. 











No. ae Time. per 1,000 volumes of water. 
Nitrogen. _ Oxygen. 

] Sample drawn from 16 in. below surface At start 5-18 2°60 

2 Ditto - > as - - - - 19 hours later 6°63 3°28 

3 Sample from 2 in. below surface - - 20 hours later 6°63 3°19 

4 Sample from different parts of surface - 23 hours later 6°79 3°27 

5 Sample from 16 in. below surface - - 42 hours later 7°67 By a 

6 Sample from surface - - - — - 48 hours later 7°75 3°70 





_ Alter the last analysis had been made, a glass stirrer of gridiron form, 2 inches by 
1 inch, was fixed so as gently to break the surface, and was mechanically rotated over- 
night with the following results :— 











Gases at O°C. and 760 mm., bar., 
No. ni44e hy Time. per 1,000 volumes of water. 
Nitrogen. Oxygen. 
7 Sample from 16 in. below surface - — - 69 hours later 11°64 B74 
8 Sample from surface - - : : 70 hours later 11:70 5:75 


a | a I Ee eee 


Experiment B.—A tube 5 feet long and 1°8 inches diameter was filled with boiling 
sea water. It was then corked, and its contents allowed to cool out of contact with the 
air. When cold, the tube was uncorked and almost entirely immersed in a vertical position 
in a cold water jacket. The temperature of the jacket varied between 7°8 and 9:0°C., 


while the temperature of the layer of water in the tube above the jacket varied between 
11°2 and 160°C, 
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———— Time. : Nitrogen. Oxygen. 
Sample from the bottom of the tube - - | At commencement - 2°58 1 i 
Ditto - - : : - - - | 10 days later - - 7-78 3°13 
Sample from 2 to 4 inches below’surface - | 10 days later - - 9°38 . 3°12 
Sample from the bottom - ~— - - -|15dayslater -~ - Hates 3°12 
Sample from 1 to 3 inches below surface - | 15 days later - - 8°77 3°88 
Sample from 1 to 3 inches below surface - | 20 days later - - 9°42 4°23 





Aiter the last analysis had been made the tube was closed with an indiarubber cork 
fitted with an inlet and exit tube. The inlet tube dipped below the surface of the water 
to a depth of 14 inches, and the exit tube was connected with a water pump, and a gentle 
current of air was drawn through the top layer of the water. The current of air was 
started at 12 p.m. and stopped at 4 p.m. on the same day, and the following samples 


were drawn and analysed :— 
Nitrogen. Oxygen. 


7.—Sample from the bottom = - - - - - 9°95 4°39 

The current of air was re-started at 5.30 p.m. and stopped at 10.30 next morning. 
8.—Sample from the bottom - - - - 2599IL1¢G0 5-71 
9.--Sample from surface layer - : - - - 12°40 6:06 


Sea water saturated at 10°C. contains 12°47 c.c. nitrogen and 6°45 c.c. oxygen per 
litre. 
It is generally believed that the atmospheric gases, as they are dissolved by de- 
‘aerated water, remain more or less concentrated in the layer of water exposed to the 
air, and are only slowly circulated through the water by thermal currents and diffusion. 
The results of the experiments show that this belief is not well founded. They afford 
strong evidence to the contrary, since it is evident from them that the gases, as they are 
dissolved at the suriace, pass through sea water with comparative rapidity. They also 
show that the slow rate of re-aeration is due to some retardation of the process of solution 
at the surface of the liquid exposed to the air. 


Similar experiments have been made with distilled water, but they were not attended 
with quite similar results. The re-aeration of long columns of it have been found to take 
place more slowly, and a tendency of the dissolved gases to remain concentrated in the 
surface layers of the water has been revealed. 


It will be observed that when the surfaces of the columns of de-aerated water in the 
experimental tubes were continuously broken by a mechanically driven stirrer, or by 
a slow current of air, the re-aeration of both sea and distilled water was greatly accelerated. 


Hiifner in his work on the diffusion co-efficients of gases in water met with the phe- 
nomenon of the comparatively rapid downward passage or streaming of the dissolved 
gas, and in consequence found that it was impossible to study the diffusion of gases in 
water when the gas was placed above the liquid, and he was compelled to employ for 
his experiments a thin plate of the porous mineral hydrophane to hold up a column of 
water in an experimental tube, and so to provide the means of introducing the gas at the 
bottom of the water and of studying its upward diffusion through the water. 


Hiifner explains the streaming of the dissolved gases downward through the water, 
which is indicated by the above experiments, by supposing that the water becomes heavier 
as it dissolves the gas, and sinks to the bottom.* It did not appear, however, to one of the 
authors that this suggestion offered a wholly satisfactory explanation of the phenomenon 
observed. He accordingly made a careful investigation of the phenomenon, which we shall 


now describe. 


Method of Expervment.t 


Glass tubes about 2 metres long and 18 mm. bore were employed for most of the 
experiments to be described. 





* Ann. Phys. Chem. (II.), Vol. Ix., pp. 134-168. (1897.) 
+“ Unrecognised Factors in the Transmission of Gases through Water.” By W. E. Adeney. Trans. Roy. 
Dub. Soe., p. 161, 1905. Also Phil. Mag., March, 1905, 
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The tubes were nearly filled either with distilled water or with sea water, and warmed 
and exhausted as far as desirable by means of a mercury pump. The corks closing the lower 
ends of the tubes were fitted with fine glass tubes to provide the means of attachment to 
the mercury pump for exhaustion, and for drawing off samples. 


After the gases in solution and in the air spaces had been abstracted, the corks closing 
the upper ends of the tubes were removed, and the tubes for most of the experiments 
were immersed to a depth of 1,300 mm. in a large water jacket, which was kept cool by 
a constant flow through it of water from the main supply. 


The object of the water jacket was to prevent the formation of downward convection 
currents, by keeping the lower portions of the water columns in the tubes at a slightly lower 
temperature than the upper portions, which were exposed to the temperature of the labora- 
tory. 


In most of the experiments to be described, the suriaces of the water columns were 
kept constantly agitated by means of currents of air drawn through their upper layers. 
For this purpose the tubes were fitted with corks carrying fine glass inlet and exit tubes of 
0:5 mm. bore. The inlet tubes dipped at different depths from 10 to 200 mm. below the 
surface. 


Slow currents of air were employed, at the rate of about 1,000 c.c. per hour. 


When the surfaces of the water columns were left unbroken, the experimental tubes 
were locsely covered to protect their contents from dust. 


The height of the columns of water were in nearly all the experiments about 1,800 
mm. In all experiments the surfaces of the water were freely exposed to the air. Observa- 
tions of barometric pressures were not thought necessary. 


At the conclusion of each experiment, layers of the water of 100 to 200 mm. thick 
were drawn from different depths from the surface, and stored in tubes standing over 
mercury until they could be analysed. 


The dissolved gases in these samples were extracted by boiling with a little sulphuric 


acid in vacuo. The apparatus employed for this purpose, and for the analysis of the gases, 


will be found described in a later part of this section. 


Of the results of analysis of the dissolved gases only those from the nitrogen are given. 
These are expressed in ¢.c. at O°C., and 760 mm. bar., per litre. ; 


The volumes of oxygen and of nitrogen which are required to saturate a litre of fresh 
or of salt water, when exposed to the atmosphere at different temperatures, are given in the 
following table, which has been drawn up by one of the authors (Letts). 

TABLE 23.—Showing the Volumes of Oxygen and of Nitrogen absorbed from the Air by Distilled and by 


Sea Water, at a Pressure of 760 mm., and at stated Temperatures. The Volumes of Gases are 
expressed in ¢.c. per litre. 



































Dittmar.* Roscoe and Lunt f 
Temperature. Sea Water. Distilled Water. Distilled Water. 

2G. Oxygen. Nitrogen. Oxygen. Nitrogen. Oxygen. Nitrogen. 
—5 9°42 17°85 
—4 9°14 17°35 

3 8°89 16°37 

8°63 16°43 

-] 8°40 16-00 

0 8:18 15°60 10°24 19°30 
-1 a:97 15:21 9:37 18°86 

2 777 14°85 ae 18°35 : 

3 758 14°50 9°46 1791 














* Challenger Reports, Physies and Chemistry, Vol. I 160 
s sé r, Vol. L., p. t seq. 
t J-urn. Chem. Soe.,’ 1889, 552 i cot gan 
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TABLE 23—continued. 























Dittmar. Roscoe and Lunt. 
Temperature. Sea Water. Distilled Water. Distilled Water. 
°C. Oxygen. Nitrogen. Oxygen. Nitrogen. Oxygen. Nitrogen. 
4 7°39 14°18 9°22 17°50 
5 7:22 13°86 Be 17:09 8°68 
6 7:05 13°56 8°78 16°72 8°49 
7 6°90 13°26 8°57 16°36 8°31 
8 6°74 12°99 8°37 16°02 8°13 
9 6°59 12°73 8°18 15°69 795 
10 6-45 12°47 8-00 15°37 7-77 (7-87) | (15-47) 
i 6°31 12°23 1°82 15:07 7°60 
12 619 £99 7°66 14:77 744 
13 6°06 a ya 7°50 14°49 7°28 
14 5-94 11°56 7°35 14:22 TA2 
15 5°83 11°34 7:20 13°96 6-96 (7-09) (13°83) 
16 5°72 1114 7:06 13°71 6°82 
17 5°61 10°95 6°92 13°47 6°68 
18 551 10°76 6°78 13°25 6°54 
19 5°41 10°58 6°66 13-01 6°40 
20 5°31 10°41 6°53 12°80 6-28 (6°44) (12°76) 
21 5°22 10°24 6°41 12°60 6°16 
22 5-13 10-07 §°30 12°39 6°04 
23 504 9°92 6°18 12°20 5°94 
24 4:95 O77 6:07 12-01 5°84 
25 4:87 9°62 5-97 11:83 5°76 (5°91) (11-78) 
26 4:79 9°48 5°87 11°65 5°68 
27 4°71 9°34 5:77 11°48 
28 4°64 9°20 5°68 11°31 
29 4°55 9-07 5°58 11°15 
30 4:50 8°94 5495 10°955 
31 4°43 8°82 5°41 10°84 
32 4°36 8:70 5°32 10°69 
33 4°30 8°58 5°24 10°55 
34 4°23 8:47 5°16 10°41 
35 4°17 8°36 5°08 10°28 








DESCRIPTION AND RESULTS OF EXPERIMENTS. 
Experiments with Unbroken Surfaces. 


No. 1.—Two tubes, each 1,950 mm. long and 18 mm. bore, were filled to the height 
of 1,800 mm. from the bottom, one with sea water and one with distilled water, both being 
nearly nitrogen free, and were immersed in the water jacket and kept undisturbed for 
twenty-eight days. The temperature of the room varied between 16°5 and 10°C., that of 
the jacket between 12°9 and 8:0°C. During the last week of the experiment the tempera- 
ture of the room varied between 12 and 10, and that of the jacket between 9 and 8°C. 


Distilled water saturated at 10°C. contains 15°37 c.c. N per litre. Sea water saturated 
at 10°C, contains 12°47 ¢.c. per litre. 
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Depth of layer below surface. Sea water. Distilled water. 
1 to 200 mm. - - - 9°24 : 11°50 
300 to 500 mm. - - 8-96 11:10 
800 to 1,000 mm. - - - 8°91 8°43 
1,600 to 1,800 mm. - - - 7°89 584 
Before aeration - - - 151 1°56 





No. 2.—Similar to No. 1, with the exception that the tubes were kept longer in the 
water jackets, viz., for 24 months. Temperature of room at close of experiment 17°8°C., 
of water jacket 15°6°C. 


Distilled water at 17°8°C. contains 13°29 c.c. N, per litre. Sea-water at 17°8°C. 
contains 10°80 c.c. N, per litre. 








Depth of layer below surface. Sea water. Distilled water. 
1 to 200mm.-— - - 10°80 12°56 
1,600 to 1,800 mm. -~—— - - 10°72 9°09 





The foregoing results reveal a number of points of interest in connection with the 
streaming effect above referred to. 


The most noticeable is the marked difference in rate in sea and distilled water, being 
_much greater in the former than in the latter. Another point of interest is that the surface- 
layers of the sea and distilled water, in No. 1, even after exposure to the air for twenty- 
eight days, did not become saturated with nitrogen. Hence we may conclude that the 
streaming effect is more rapid in both sea and distilled water than the rate of solution at 
the surface exposed to the air. 


These experiments, so far as they go, show that the streaming is a gravitational 
effect. The following experiment conclusively proves this. 


e 

No. 3.—A U-shaped tube, each limb 1,600 mm. long and 50 mm. diameter, was 
filled with boiling sea water and immediately closed air-tight with indiarubber corks. 
When the water had cooled, the tube was further exhausted by means of a mercury pump. 
One limb was then uncorked, and the water in it saturated with atmospheric gases by a 
current of air drawn through the surface-layer to a depth of 50 mm. for 48 hours. After 
this, a sample was drawn from the bottom of the open limb, and one from the lower portion 
of the closed limb, about 200 mm. from the bottom. The gases were extracted from these 
and the nitrogen in each determined, with the following results :— 





Open Limb. Closed Limb. 


12°12 1:49 





_ _ Six months later another sample was collected from the lower portion of the closed 
limb, as before, and the nitrogen in it determined ; it was 1°73. 


Experiments with Broken Surfaces. 


The Experiment No. 1, and several others which were made during the earlier part 
of this investigation, but which it is unnecessary here to record, since the results were 
similar, shows that a retardation of solution takes place at the surface of the water ex- 
posed to the air. Experiments were accordingly made in which the surfaces of the 
water exposed to the air were kept continuously broken. 


No. 4.—A tube 1,100 mm, long and 50 mm. diameter was filled with nitrogen-free 
sea water, and immersed in the water jacket to a depth of 1,025 mm. A glass stirrer of 
a gridiron shape, 40 mm. broad, was fixed to dip 25 mm. below the surface of the water, 
and was mechanically rotated for 19 hours. At the end of this time the temperature of 
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the upper layer of the water column above the water jacket was 8°3°C., and that of the 
water jacket 7°8°C. Samples were drawn from the top and bottom layers of the water 
column, and the nitrogen determined in each, with the following results :— < 





Top layer. Bottom layer. 
12°69 12 45 
At commencement ) 1°51 


No. 5.—A similar experiment was made with distilled water, with results as follows :—= 








Top layer. Bottom layer. 
13:29 11°02 
At commencement 1 46 











Sea-water saturated at 8°3°C. contains 12°91 ¢.c. N, per litre. . Distilled water 
saturated at 8°3°C. contains 15°92 c.c. N, per litre. 


In order to provide in these experiments the means of detecting whether or not the 
mechanical agitation of the surface-layers of the water-columns caused a circulation of. 
the water to the bottom, a large crystal of potassium bichromate was placed at the bottom 
of the tubes; but in no case was the dissolved bichromate observed to rise above the 
immediate neighbourhood of the crystal, and become mixed with the water above it. 


The results of the last two experiments proved, as was anticipated, that the down- 
ward streaming effect takes place so rapidly when the surface of the water exposed to the: 
air is continuously agitated, that long columns of water are completely saturated with. 
atmospheric gases with comparative rapidity. 


Experiments were next made in which the surfaces of the water-column were kept 
broken by means of slow currents of air. It was thought that by their means it would 9e 
possible to make comparative observations on the effect of agitating different thicknesses. 
of the surface-layers of two or more columns of water by the same disturbing cause. 


No. 6.—Two tubes each 1,980 mm. long and 24 mm. bore, were filled with a nitrogen-. 
free sea-water. Each tube was filled with an indiarubber cork and fine glass inlet and 
exit tubes of 3 mm. bore, and they were connected in series so that the same current of 
air could draw through the surface-layers of each column of water. The inlet-tube through 
which the current of air was first drawn dipped 100 mm. below the surface of the first 
column, and the second inlet-tube dipped 10 mm. below the surface of the second column, 
of water. The current of air was not previously filtered. It was continued for twenty-- 
five hours. At conclusion temperature of room was 19°5°C., and of the jacket 15:7°C. 


Sea-water saturated at 19°50°C. contains 10°50 c.c. N, per litre. 


Depth of layer below surface. 1 2 

1 to 100 mm. aay 10°57 8-01 
1,500 to 1,600 mm. -~ - 8-91 4:08 
Before aeration - - - - 1°58 1:56 








_ No. 7.—Similar to the experiment No. 6, with the exception that the inlet-tube 
dipped 10 mm. below the surface in the first column of water, and 100 mm. in the second 
column. The current of air was continued for 20 hours. Temperature of room at 
- conclusion was 18°2°C., and of the jacket 14°9°C. 
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Sea-water at 18°2°C. contains 10°68 c.c. N, per litre. . 
Depth of layer below surface. 1 2 
1to 100mm. - - 10:07 9°95 
1,000 to 1,100 mm. - - — 6°05 
1,200 to 1,300 mm. - - 9°61 = 
1,700 to 1,800 mm. - - 6°26 2°15 
Before aeration - . - 1-61 1:56 | 











The sea-water employed for the experiments thus far recorded was collected in 
Dublin Bay. It had been stored in partially full bottles for some weeks previous to use. 
It contained 19°57 parts chlorine per litre. 


From the foregoing results it appears that the rate of aeration, as a consequence, 
of the streaming, was not materially affected by difference of depth of the air-inlet tubes 
when two water-columns were aerated in series by the same current of air. The inlet 
tubes dipped 100 mm. and 10 mm. below the surfaces in the columns of water 1 and 2, 
respectively, in Experiment No. 6, and vice versd in Experiment No. 7; and yet both the 
columns of water which first received the air-currents in the two experiments were found 
to have dissolved more nitrogen than either of the second columns of water. 


It appears, therefore, from these experiments that something was taken from the 
air by the first water column in each experiment in addition to the ordinary atmospheric 
gases, and that very little reached either of the second columns. 


The next experiments were arranged with a view to ascertaining whether, by using 
slower currents of air and fine capillary glass inlet and exit tubes of 0°5 mm. bore, the 
streaming effect could be completely confined to the first water column. 


_ _ No. 8.—Three tubes, each containing sea-water nearly nitrogen free were fitted with 
indiarubber corks and air inlet and exit tubes, and were connected in series, so that the 
Same current of air could be drawn through the upper layer of each column of water to 
a depth of 200 mm., one after the other. 


The air current was a slow one, at the rate of about 1 litre per hour. The aeration 
was continued for forty-eight hours and then stopped. Samples of water were then 
drawn from each tube as before, and stored in glass vessels standing over mercury. The 
nitrogen determinations are given below. The tube in which the air-current first entered 
was marked 1, and the one it next entered 2, and so on. The air was filtered through 
glass-wool. 2 . 


Temperature of room - - - 12°8 to 10:0°C. 
Temperature of jacket falar 8:6 to 83°C. 


Sea-water at 10°C. contains 12-47 c.c. N, per litre. 














Depth of layer. 1 2 3 
lto 200 mm. - - - : 19-24 11:15 11:09 
800 to 1,C00 mm. - - - - 8:20 2°29 2°55 
1,600 to 1,800 mm. - - 8:13 2°18 2°54 
Before aeration- : 2 J Z 1°57 2-13 9-5] 





_ No. 9.—Similar to the, Experiment No. 8, with the exception that the air-inlet tube 
dipped only 50 mm. below the surface. The air current was filtered through glass wool. 


Temperature of room - - . 13-7 to 13°5°C. 
Temperature of jacket -  - 8:4 to 8:5°C. 


Sea-water at 13°5°C. contains 11°67 c.c. N, per litre. 
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Depth of layer. 1 2 3 

lto 200 mm. - - - - 10°81 715 6°93 
300 to 500 mm. - - - - 10°60 1°61 1:52 
800 to 1,000 mm. - - - - 9°36 1°65 1:56 
bG0O mot s00 man ee i 9-20 1°65 152 
Before aeration ~~ - - sted ys 1°75 1:63 V51 


These results show that when the current of air is sufficiently washed during its 
_ passage through the surface layer of the first column of sea-water it may be passed through 
the surface layers of other columns of sea-water and no streaming effect occurs, although 
the layer of water through which the air is bubbled soon becomes saturated with atmo- 
spheric nitrogen. 


It may be concluded that the streaming effect is not due to concentrated solution 
currents, as suggested by Hiifner, but by something in the air besides its chief gaseous 
constituents, and that when the something i is washed out, the subsequent solution of the 
gases is not attended by streaming. 


The sea-water employed for these experiments was also collected in Dublin Bay. It 
was filtered through glass wool and stored in glass bottles for a week before use It con- 
tained 19°45 germs. chlorine per litre. 


Similar experiments were made with distilled water, as there were reasons for 
anticipating that the cause of the streaming would not be so rapidly washed out by dis- 
tilled water as by sea-water. 


Experiments with Distilled Water. 


No. 10.—Similar to Experiment No. 8, with the exception that distilled water was 
used in place of sea-water. 
115 to 11°8°C. 
8:5 to 9:0°C. 


Temperature of room - - - 
Temperature of jacket pein 


Distilled water at 11°8°C. contains 14°83 c.c. N, per litre. 





Depth of layer below surface. | 1 2 3 











lto 200 mm. - - - - 14:60 12°27 12-20 
300 to 500 mm. - - - - 11°62 11:10 1118 
800 to 1,000 mm. - - - - 4-18 4°20 4°48 

1,600 to 1,800 mm. - - - 3°54 3°05 3°20 
Before aeration : - - - 1°55 To 1°97 





No. 11.—Similar to No. 10, with the exception that the air current was not filtered. 


Temperature of room - - - 12. to 10°C. 
Temperature of jacket - - 87 to 85°C. 


Distilled water saturated at 10°C. contains 15:37 c.c. N, per litre. 





Depth of layer below surface. 1 2 3 
lto 200mm.- - - - 13°81 12°77 12°64 
300 to 500mm.- - - - 12-20 1117 11:08 
800 to 1,000 mm. - - - - 5:20 5°17 5°14 
1,600 to 1,800 mm. - - -~ - 4°15 4:06 4:00 
Before aeration 1:55 151 
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These experiments confirm the conclusion which was drawn from the results of 
Experiment No. 1, viz., that the downward aeration of distilled water by the streaming 
effect is not so rapid as the aeration of sea-water by the same means. ee 


They also show that the cause of the streaming was not concentrated in the first 
water column, as was the case with sea-water, but that, on the contrary, it equally affected 
the three water columns. It may be inferred from this last observation that the streaming 
being less in distilled water than in sea-water, is due to the something causing it being 
more slowly taken out of the air current by the former than the latter. 


The following experiment was also made with distilled water, wide bore, 3 mm., inlet 
and exit tubes being employed. The inlet tube dipped 25 mm. below the surface of the 
water. ‘ a igi 
No. 12.—A tube 1,980 mm. long and 24 mm. bore was filled with nitrogen-free distilled 


water, and the air current continued for twelve hours. Temperature of room 15°5°C., 
of jacket 12°9°C. 





Depth of layer. —— 


0to 200 - - - - - 10°56 
650 to 800 - - - - - ae) 

1,500 to 1,600 - - - - - 2°68 

Before aeration - - - - - |. 1°51 


It is impossible definitely to state what is the active cause of the streaming. The 
author of the Paper has pointed out a possible explanation. It is that the streaming 
is possibly caused by minute dust particles, or by other centres of condensation, possibly 
of an electrical nature, carried by the air current and being taken up by the water together 
with the gaseous constituents of the air, and that these bring about in some way a sufficient 
density of the dissolved or condensed gases to render it possible for them to be drawn 
gravitationally downwards through water. | 


The fact that the streaming is more marked in sea than in distilled water may be 
explained by assuming that the sea-water, from the salts which it holds in solution, is 
able to make more use of the centres of condensation introduced by the air which is 
bubbled through it. When sea-water and distilled water are separately shaken up 
with the air, the difference of behaviour of the two waters is, as is well known, very marked, 
it being easy to obtain a formation of small bubbles of air in sea-water to an extent quite 
impossible in distilled water. 


There can be no question, from the experiments recorded, that if the air be com- 
pletely washed, the surface of sea-water exposed to it will become saturated with nitrogen, 
but no streaming effects will take place. 


Tt is equally evident from these experiments that whatever may subsequently be 
discovered to be the true cause of the streaming, its effect in large volumes of sea or 
river water under natural conditions must be of great importance, and of such dimensions 
that the effect of ordinary diffusion may, in comparison, be entirely neglected. 


To draw some practical conclusions from these experiments,!we may take it that 
the aeration of de-aerated water, when protected from circulation of the surface layers 
to the bottom by thermal currents, requires long periods of time, extending to more than 
thirty days, for completion. But it is unlikely that conditions so unfavourable to re- 
aeration exist in nature. Circulation from the surface downwards must be set up by 
thermal currents to-some extent in all waters exposed to daily and nightly variations. 
of temperature, even in perfectly calm weather. But with such circulating currents 
the process of re-aeration of tidal waters of any decided depth, in calm weather, must 
at best be a slow one, and it is probably, from the long time slightly polluted waters 
remain partially de-aerated in calm weather, no quicker than in the experiments with 
long columns of water whose surfaces were kept continuously broken. These show 
that the average rate of transmission of nitrogen by sea water, to a depth of 6 feet, is not 
less than 0°15 ¢.c. per litre per hour, assuming that the transmission by the experimental 
column was uniform during the forty-eight hours they were under observation. The 
rate of transmission by fresh water to a similar depth is also shown to be not less than 
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0°06 c.c. per litre per hour. Taking the volume of oxygen transmitted as one-half that 
of nitrogen, we get 0°08 c.c. oxygen transmitted per litre, per hour, for sea-water, and 
0°03 c.c. per litre per hour for fresh water. 


If we adopt these values for sea and fresh waters, we may assume that the rates of 
transmission for tidal waters varies between these limits according to the proportions 
in which the two waters exist together in them, as follows :— 








TABLE 24. 

Volumes of Oxygen transmitted, per litre, from 

Proportion of Sea to Fresh Water. the air in 1 hour, by de-aerated tidal waters 

to a depth of at least 6 feet, in calm weather. 
Sea water - - 2 . - “ : - 0:08 - cc. 
3 Sea water to.1 fresh - =) 5 : : 2 0068 c.c. 
2 Sea water to 1 fresh - - - - - - 0:063 ¢.c. 
1 Sea water to 1 fresh - - - - - - 0°055 c.e. 
1 Sea water to 2 fresh - - - - - : 0047 c.c. 
1 Sea water to 3 fresh - - - - - - 0-043 c.c. 
Fresh water - - - - - - - - 0°03 ce. 





This assumption is supported by a table of solubilities of atmospheric oxygen in 
mixtures, in different proportions, of sea and of distilled waters, which is given in the 
Report to the London County Council by Dr. F. Clowes and Dr. A. C. Houston, on “* The 
Experimental Bacterial Treatment of London Sewage,” 1892 to 1903, p. 225 :— 


TABLE 24a.—Solubility of Atmospheric Oxygen in mixtures of sea and distilled water, in different propor- 
tions (Clowes). 


22-23 December, | 1-2 January, 1904.| 6-7 January, 1904, 























1903. Temperature} Temperature of | Temperature of 
of water, 16°C, water, 13°8°C. water 14°8°C. 
so L Ory t AteP Dissolved] Chlorine |Dissolved| Chlorine |Dissolved} Chlorine 
oxygen | Parts | oxygen | Parts | oxygen | Parts 
Per: per Per- per Per- per 
| centage. | 100,000. | centage. | 10u,000. | centage. | 100,000. 
Distilled water - - - - - “ -{ 100:0 0 100-0 0 100-0 0 
es » With 10 per cent. of sea water - 96°4 205 = - = = 
elm LA O09 eae Ue gael tigas) Slrosa 7 402]. 950° g08 
KA 2a me Be) As a - 92°5 590 - - = ~_ 
a * 3° 40 ¥ ee - 90°3 780 O13 781 91:2 772 
¢ hi OU 3 Pe - 87:0 982 = = = os 
re a 5, 60 A mie Ma - 83°6 1,163 86°8 1,169 88'1 1,161 
“ i ee!) sn 3 - 82-4 1,365 —ylen = - is 
M Ay? BO s . -| 807 | 1,555 | 837 | 1,560 | 84-7 | 1,555 
9 » 9») 90 4 > 190 | 173K - _ a 2 
Sea water - - - - - eat MATS} 1,950 81:1 1,950 82:2 1,950 
mar — — = 14 January, 1904. 
Distilled water oO, BS tes eke te RR Sain eke ara ic z 100-0 0 


- ,, With added sodium chloride. -| <- = - - 82°9 1,930 











A proof that partially de-aerated river water very slowly re-absorbs oxygen from 
the air in calm weather conditions is given by the analyses-recorded-in the next table. 
Samples were collected from the surface waters of the non-tidal portion of the River 
Liffey, above the Weir and fully two miles below Chapelizod. The results of the analyses 
show that the rate of absorption of oxygen in some of the samples was not greater than 
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0-1 c.c.,and in none did it exceed 0°3 ¢.c. per litre, per 24 hours, and that, notwithstanding 
this, the aeration of the samples at the time of collection was decidedly below saturation 


point. f 
Evidence that the re-absorption of oxygen from the air by tidal waters is also very 


slow will be found in Table 30, p. 77. 


TABLE 25.—Analyses of Samples of Water collected from the River Liffey above the Weir at Island Bridge, 
Co. Dublin, illustrating the slow rate of Re-aeration of Slightly Polluted Waters in Calm Weather 


(Adeney). 


ee ____ 


No. 


Samples. 


Dissolved Gases 
expressed as volumes | Other Constituents as parts per 100,000 
at N.T.P. per 1,000 
volumes of water. 








Where collected. 





Just above the 
Weir, near the 
right bank, Sept. 
21st, 1899 - 


From the bottom 
of the  distri- 
buting tank, 
Sept. 21st* = - 


izod, Oct. 16th - 


izod, Oct. 16th - 


Just above 
Weir, near the 
right bank - 


tank,* Oct. 24th 


Just above 








From bottom of Slightly 
distributing 


Ditto after keeping 9 days. — 
the | Slightly 


Weir, near the 
right bank - 


Description. 


Slightly turbid, 
yellowish green 
tint; traces of 
suspended mat- 
OTe = = 


Ditto after keeping 37 days. 


Very slightly tur- 
bid, yellowish 
brown tint; 
traces of 
pended matter - 


Ditto after keeping 38 days. 
Just above Chapel- | Slightly 


turbid, 
brown colour ; 
traces of sus- 


pended matter - 


Ditto after keeping 15 days. 
Just below Chapel-| Similar to No. 3, 


but a little more 
turbid : : 


Ditto after keeping 17 days. 


the | Distinctly turbid, 


olive green tint ; 
small quantity of 
vegetable debris 
in suspension - 


Ditto after keeping 15 days. 


turbid, 
yellowish green 
tint; traces of 


| suspended mat- 


ter - - - 


‘turbid, 
yellowish green 
tint; traces of 
suspended mat- 
ter - - 


Ditto after keeping 8 days. ~ 


SuUS- | 


Carbon 
Dioxide. 


58°78 
62°13 


60°54 
62°84 


41°38 


42°12 


41 01 


42°68 


43°47 
48°61 


63°30 
64°78 


-| 72°64 


75°62 


Oxygen. 


5°25 
0°88 


5°48 
3°98 


749 
654 


“I 
Dm @ 
a) 


Ou 
oO 


5:98 
1-06 


3°23 
0°44 





_ Nitrogen. 


Nitrogen as 


Ammonia. 





Nitrates. 


of the water. 


14°34 
14°25 


14-1] 
14:11 


15°55 
15°45 


15°52 
15°59 


15°52 


15°38 


14°93 


14°99 | :0230 


0040 
‘0015 


0045 
0015 


004 
+004 


004 
004 


002 


035 


0032 
0010 


0028 


0343 
0385 


0375 
0405 


027 
035 


037 


‘026 
Old 


‘040 
044 


051 
035 














Organic 
Nitrogen in o 
g < 
&\¢| 8 | 
Ei p: Biv Ot 8 
i rc a 
5 TN 
M 
008 |-052 | 1:26 | — 
008 | 0517 | 1-295 | — 
+023 | 029 | 1-205 |18-0 
013 | -045 | 1:26 1180 
02. |-081 | 1:26 .| 18-4 
02 | 055 | 1:295 | — 
02 |-079 |14 10-0 


— 


ee ee a een eS ee eT Let Pe, Be SMI NP mec oS 
The weather was dry both on September 21st and on October 16th; it had just commenced to break 
when Sample 6 was being collected, and heavy rain had fallen before Sample 7 was collected on the following 


day. 


* Note the water is pumped into this tank from a point just above the Weir, where Sample No. 1 was collected, 
and stored there for distribution to some neighbouring institutions for outdoor and non-dietetic purposes. 
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PART» KL 


THE Maximum RATE oF ABSORPTION OF DISSOLVED OXYGEN ALLOWABLE IN 
TIDAL WATERS. 


It is obvious that the maximum rate of absorption of oxygen which may be allowed 
in tidal waters must be fixed for practical purposes in accordance with the natural con- 
ditions least favourable to re-aeration, that is for calm weather, and in accordance with 
temperatures most favourable for absorption of oxygen by fermentation, viz., summer 
temperatures. : 


For the purpose of discussion, we may consider a tidal water in which salt and 
fresh waters are mixed together in equal proportions. The rate of re-aeration of such a 
tidal water under the conditions stated is according to the above Table 24 equal to 0°055 
¢.c. oxygen per litre per hour, or 0°69 c.c. per litre per 12°5 hours, which may be regarded 
as a complete tidal period, or again the rate is equal to 1°32 ¢.c. per litre per twenty-four 
hours. The necessary corrections for mixtures in which the salt and fresh waters exist 
in other proportions will not be large, and they can be made without difficulty from 
_ the data given in the table. | 


Any pollution which would not cause a greater rate of absorption than this, would 
exercise no apparent effect upon the aeration of the tidal water. We have, therefore, 
to enquire to what further extent may the dissolved oxygen of tidal waters be absorbed 
with safety to fish, and what additional temporary pollution may be allowed within this 
limiting condition. 

From the investigations which have been made upon the effect of sewage matters 
on fish (posces)—they have been summarised in another section of this Report*—it appears 
that 3 c.c., and 4 c.c., oxygen per litre, may be taken as the lowest limit to which 
the aeration of salt and fresh water may be respectively reduced with safety to fish at 
all possible temperatures. We should like, however, in doing this to emphasise by 
repetition the opinion we have expressed in the section referred to, p. 208. 


“ That a much more extended series of investigations is necessary than any of those which we have sum- 
marised above, in order to decide the question as to what standard of dissolved oxygen should be insisted 
on in relation to fish life.” 


The air saturation value for a tidal water of the assumed composition would be 6°2 
c.c. oxygen perlitre, at 18°0°C., according to the Table 23 given on p. 58, and we may take 
it that this may be reduced with safety to fish to 3°5 c.c. per litre. Hence we may have 
at this temperature an uniform and continuous absorption of dissolved oxygen at the 
rate of 0°055 c.c. per litre, per hour, and an additional temporary absorption of 2-7 c,c. 


The period of time over which this temporary absorption should be required to be 
extended must vary with the conditions attending the discharge of the sewage, or of the 
sewage effluents, and upon the topography of the tidal river or sea border, and upon the 
strength and direction of the tidal currents. 


Tidal waters may be roughly divided into three classes according to the favourable 
conditions, or otherwise, which they present for the disposal of sewage matters which may 
be discharged into them, as follows :— 


Class 1 may include tidal waters, the currents of which are strong enough 
to transport all sewage matters discharged into them, including suspended solids, 
and to distribute them through large volumes of water, so as enormously to 
dilute them before the change of tide. 


Class 2 may include the tidal waters, the currents of which can transport 
the liquid sewage matters discharged into them, and widely distribute them 
through large volumes of water, so as enormously to dilute them before the. 
change of tide. 


Class 3 includes all other tidal waters which are not so favourably 
circumstanced. 


The minimum period of time over which the temporary absorption of the 2°7 c.c. 
oxygen per litre may be extended for the first two classes of tidal waters, is six and a quarter 


— 





* Pollution of Water in Relation to its effect on Fish (pisces), p. 201. 
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hours if the sewage matters be discharged on the ebb tide only, or twelve and a half hours 
if they be discharged at.all-states of the tide. It must be extended over a much longer 
period for the third class of waters, otherwise over-pollution might easily result. The 
data at our disposal is insufficient to put an exact limit to the period, we can only suggest 
from general experience that it should be temporarily fixed at forty-eight hours. It 
-will probably be found on investigation that it will vary for each locality. After this 
period, the absorption of oxygen must not exceed the rate at which re-absorption from the 
atmosphere will take place, viz., 0°055 c.c. per litre per hour. : | 


The total absorption of oxygen allowable with the above time period of six and a 
quarter hours would be 3°0 ¢.c. per litre ; with the time limit of twelve and a half hours 
it would be 3:4 c.c. per litre. In other words, when samples of the polluted waters in the 
two cases are kept out of contact with air for six and a quarter hours and twelve and a half 
hours respectively, their aeration may be reduced to 3:2 c.c., and 2°8 c.c., per litre, 
respectively. 


With the time period of forty-eight hours, the total absorption allowable would be 
5:3 c.c. per litre. Consequently, if a sample were kept out of contact with air for forty-— 
eight hours, its aeration might be reduced to 0°9 c.c. per litre, but on re-aerating a portion 
of it, and again keeping it out of contact with air, the after rate of absorption should not 
exceed 0°055 c.c. per litre per hour. 


THe MAxIMUM QUANTITIES OF LiguID SEWAGE MATTERS WHICH MAY BE MIXED WITH 
TrIpAL WATERS. 


In considering this question, it must be borne in mind, as pointed out in the intro- 
duction to this section, that the aeration of a water may be reduced in three different ways 
by pollution ; (1) by simple dilution with de-aerated waters ; (2) by directly oxidizable 
substances ; (3) by indirectly oxidizable substances. 


It is well to make this distinction between the possible causes of the reduction of the 
aeration of a flowing water, when polluting matters are discharged into them, because they 
‘may act at very different rates. 


The effect of the first is practically instantaneous, the amount of reduction it .may 
cause can be calculated, when the volume and state of aeration of the polluting water, 
and of the flowing water with which it becomes mixed, are known ; and these need only 
be approximately known to give sufficiently accurate calculations. 


Directly oxidizable substances may also cause a rapid reduction of the aeration of a 
water, é.g., ferrous sulphide. a 

Indirectly oxidizable substances cause, as we have found, an absorption of oxygen 
at a regular, and much slower rate. 


A simple method for the rapid determination of oxygen absorbable by these two 
classes of substances will be found described in Part XIII. of this Section. 


_ The only difference in practice when the former are present, is that the rate of absorp- 
tion for the first few hours, as well as for the more éxtended periods of time of six and a 
quarter, twelve.and a half and forty-eight hours, above given, must be determined. 


aren they are not present, the rate for the more extended periods only are required to be 
. known. 


} In some cases the volume of oxygen absorbed by some at least of the directly oxidizable 
substances can be differentiated from that absorbed by the indirectly oxidizable substances, 
but in most they cannot, and it is unnecessary for practical purposes to attempt to doso. 


We give in. the following pages descriptions of some experiments with polluted 


-waters, in some of -whichonly the latter class of substances, and in others both classes, 
were present. ? i 
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1. Rate of Absorption of Oxygen caused by Fermentative Changes only in Fresh and Salt. 
Waters polluted by different classes of Sewage Matters. 

It may be gathered from the experiments which have been considered, and general 
experience confirms them, that the rate of fermentative change depends upon two main 
’ factors: (1) the quantity and character of the polluting matters in a water, and (2) the 
nature and state of activity of the organisms associated with them.* Thus in the experi- 
ments with distilled water and urea, Table 5, five months elapsed before any change was 
appreciable. Again, in the experiments with Rochelle salt, Table 2, p. 14, some eighteen 
days elapsed before any change was detected. When, however, both these substances 
were associated together, the interval which occurred before fermentation commenced 
could not have exceeded two or three days, since the whole of the salt was fermented 
in seven days, as against more than sixty days required for the complete fermentation of 
a similar quantity!of the same substance when unassociated with any other organic sub- 
stance, Table 2a, p. 15. 


The experiments described in Table 9, p. 24, with Rochelle salt and asparagin 
also show a similarly short quiescent period before the commencement, and a similarly 
subsequent rapid rate of fermentation, nearly the whole of the dissolved oxygen being 
absorbed in twenty-four hours by the earlier steps of the fermentation (see Experiment 2). 


The series of experiments with filtered sewage quoted on p. 28 further show that alter 
the completion of the first stage of fermentation quite a long period of rest intervened 
before the second stage set in. | 


It is a matter of common observation that the rate of fermentation in polluted 
waters of the strength of ordinary sewage is so rapid that anaerobic conditions continue_ 
to obtain for several days within the mass of the water, even though it be freely exposed 
to the air.t 


The experiments with mixtures of filtered sewage with tap water which are given 
in the Tables 10 and 12, pp. 28 and 29, show that in the case of the former table, when the 
sewage was only present in the proportion of 5 per cent., the dissolved oxygen was sufficient 
for the first stage of fermentation, and, further, that in 1} per cent. mixtures the dissolved 
oxygen was amply sufficient for both stages of fermentation. In the case of the latter 
table, mixtures of water with 24 per cent. of sewage contained only just sufficient dissolved 
oxygen for the first stage, while in mixtures containing 14 per cent. of the same sewage 
the dissolved oxygen was just sufficient for both stages of fermentation. 


On referring to the time occupied by the fermentation of the sewage matters in these 
mixtures, we find that it was considerable, so that the rate of absorption of oxygen pro- 
bably did not at any time exceed the rate at which the water, when exposed to ordinary 
calm weather conditions, would reabsorb oxygen from the air. 


Dr. McGowan in the Report already referred to, p. 322, gives the results of some 
suggestive and important experiments which he made to ascertain whether, when sewage 
was diluted sufficiently to render it conformable to the Mersey and Irwell standard for 
albuminoid nitrogen (0°12 part per 100,000), the mixture so obtained would, on being 
submitted to the incubation test, remain sweet. The mixtures contained from 3 to 12 
per cent. sewage, and the results given in the succeeding table show that all but three were 
too strong, and that in consequence the dissolved oxygen was-not sufficient for the-ftzst 
stage of fermentation in any but the three excepted, and one of these is doubtful, since 
the nitrate previously added was largely reduced during incubation, and so doubtless. 
prevented putrefaction. It must be noted, however, that the samples of sewage were 
not previously filtered as in the other experiments referred to, and that they, there- 
fore, contained colloidal and, doubtless, other suspended matters. Nevertheless, we 
- must conclude from these experiments that it is doubtful whether screened and settled 
sewage, unless it be weak, can be allowed to discharge into calm tidal waters in pro- 
portions as large as 5 per cent. | 








_ * The question of the relative rates of absorption of dissolved oxygen by sewage matters in fresh and 
in sea water is dealt with in the Addendum to this Section, p. 431. 

+ See Experiments recorded in Table 39, which give the rate of absorption of oxygen by a very strong 
tank liquor when kept constantly and gently shaken in contact with air. 


TABLE 26.—Samples of Sewage sufficiently 


Standard of Albuminoid Ammonia, and the 


“Oxygen absorbed” from Permanganate at 
26°7°C. (80°F.) at once in— 


Volume 
of 
sewage. 
C.c. 


100 
100 
100 
100 





* Tap water. 


water. 


Volume of 
H,O 
added. c.e. 


380°6* 


313-°0* 
pares 
131* 


366* 


944% 
944* 
944% 
944* 
7408 
7408 
7408 
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Days in- | N,O, Bye aN 203 
cubated. | added. San ihaTionn 
About 8 _- ae 
11 aa = 
" — as 
” ie = 
6 are ee 
12 — — 
12 0-107 aes 
12 0:20T — 
12 0°307 — 
6 0°307 | 0°13 sweet, earthy 
6 O-15¢ | 0-13 sweet, earthy 
6 0-075 | 0:06 sweet 


+ Added in the form of potassium nitrate. 


Original 
dilution. 


0-20 
0-18 
0-23 
O14 
0-24 
0-19 
0-19 
0-19 
0-19 


Portion in¢u- 
bated at 
room temper- 
ature. 


0°37 strongly 





diluted to render them conformable to the Mersey and Irwell 
Mixtures so obtained submitted to the Incubation Test. 


Portion incubated at 
26-7°C. 


0°50 strongly putrid 


putrid 
0-09 putrid | 0-23 putrid 
0°26 o 0°43 very putrid 
O14. 0°17 sweet or doubt- 
ful 
0:24 just 0:24 very putrid 
putrid 


1:20 very putrid 
1:07 very putrid 
0°65 very putrid 
092 very putrid 


— 


t Added in the form of ammonium nitrate. § Distilled 


Note.—-Two samples of tap water were examined at a later date, and were found to contain approximately 0°25. 
and 0°30 parts nitric nitrogen per 100,000 ; the tap water used above was no doubt much the same as this. 
The albuminoid nitrogen in each mixture amounted to 0°12 parts, except in the last, in which it was 0°03 parts 
er 100,000. 
‘ Nature of Sewaze employed.—For the first mixture, it was screened, and strong ; for the next three, screened, and 
rather weak ; for the fifth, it was crude, and not very strong ; for the next four, it was screened and settled, soapy, 
but not very strong ; for the last three, it was settled and rather dilute. 


In the next table the results of three series of experiments by one of the authors 
(Letts) and his pupils are given, showing the rate of absorption of oxygen in sea water 
polluted by 1 per cent. of sewage previously filtered through paper:— 


TABLE 27.—Sea Water and 1 per cent. Sewage in Stoppered Bottles at 21°C. (Letts.)* 


(In parts per 100,000.) 


(In cubic centimetres per litre 













































































Experi- at N.T.P). Dissolved Gases.| Unoxidised Nitro- | Oxidized Ni- “Oxygen 
ment. Time. gen as trogen as EES 
Breet ealbd: Nie | hee 
CO.. Q,, N,. | Total. NH, | NH, Total. trateg | erten ROR at 
1 When mixed - = -_-| 45-81| 5:23 | 10-13] 61°17] -0171| -0165| -0336| 0066] None.| -144 
After 6 hours-  - | 46-05! 5-20 9:98! 61:23] -0171| -0165| -0336| -0062| _,, 126 
» 24 4, - + | 47-78] 3:14 | 10-03| 60-95] -0046| 0263] -0309| -0062| _,, 108 
»48 4 -  - | 48-91} 2:02 | 10-04] 60-97] -0079| -0165| 0244] -0095| _,, 081 
2 When mixed - = - | 46-74] 5:37 | 10-29] 62:40! -0092| -0072| -0164| -0033|None.| -091 
After 12 hours = - | 47-18] 5-20 | 10:14] 62°52! -0066| -0046| 0112] 0119] _,, 052 
iy (cer - | 46°95| 5-08 | 10-08) 62-11] -0079| -0072] -0151| -0058| —,, 059 
» 35 4 - = | 47-04] 4:97 | 10:11] 62:19] -0066| -0059| -0125| -0078! _,, ‘O87 
» 90 5 - = | 47-18] 4:60 | 9-871 61-65}. -0099! -0066| -0165| -0041 " 062 
p28 4) ,).-= - | 47°56) 4:42 | 10:01} 61-99} -0138] traces! -0138| -0062 =) 069 
3 When mixed - 46°23 | 5-30? | 11-49% 63:02] ~— - ies = = 
After 7 days - - | 47°31) 4°41 | 11:11] 69°83] — = at i - af 
14», - ~~ | 47-33} 3°81 | 10-601 674 he 8 is a = -- a 
5 al. 4, - | 47°13] $87. | 11-06 62°06)" — e ee = “i - 
$$ ee en 


* Scientific Proceedings of the Royal Dublin Society, Vol. IX. p. 333, 1900. 


res 


The most striking feature of this table is the evidence afforded of the great rapidity 
of the changes which occurred in the first series of experiments compared with those which 
took place in the second and third series. In the former about 40 per cent. of the dis- 
solved oxygen disappeared in twenty-four hours, and 60 per cent. in forty-eight hours, 
whereas in the second series only about 7 per cent. had disappeared in thirty-eight hours, 
14 per cent. in ninety hours, and only 18 per cent. in twenty-two days. 


Owing to an accident to the gas analysis apparatus when commencing the third 
series of experiments, the dissolved oxygen and nitrogen in the original mixture of sewage 
and sea water could not be determined ; but if it be assumed that the oxygen was about 
the same as in the preceding series, as was no doubt the case, then in seven days only 
15 per cent. was lost, and at the end of twenty-one days 26 per cent. 


The composition of the sewage employed is, no doubt, mainly responsible for this 
remarkable difference in the behaviour of the mixtures, No. 1 sample being evidently 
much stronger in carbon-oxidisable substances than the other two. 


As regards the inorganic nitrogen determinations, it is impossible to draw any definite 
conclusion from them, owing to the smallness of the quantities involved and to the large 
errors attending even the best methods for their determination. 


On the whole, it may be inferred from these experiments that ordinary liquid sewage 
may be mixed with sea water in proportion of 1 per cent. without danger of lowering the 
aeration of the latter to any serious extent, so far as the fermentative changes which they 
would undergo are concerned. 


Some experiments have quite recently been made by one of the authors (Adeney) to 
determine the rate of fermentation in fresh and in sea water, when polluted by varying 
proportions of septic tank liquor. The succeeding table gives the results of experiments 
with a sample of liquor collected from the experimental tank at the Belfast Sewage Works 
on March 2, 1905. 


‘TABLE 28.—Analyses showing the Course and Rate of Fermentative Changes, under Aerobic Conditions, of 
the Polluting Matters in a Sample of Septic Tank Liquor collected March 2, 1905, from the Experi- 
mental Sewage Works at Belfast. (Adeney.) 


The following experiments were made with this sample :— 


(1) A mixture was made of 1 part of the sample (unfiltered) and 9 parts of tap water, 
aérated and immediately analysed. 
(2) A portion of the mixture was kept 3 days out of contact with the air and then analysed. 
(3) Another portion was kept 4 days out of contact with the air and analysed. 
(4) Another portion of known volume was enclosed in a well-stoppered bottle together with a 
known volume of air, and was kept for 40 days ; both air and liquid were then analysed. 
(5) Another portion was similarly enclosed and kept 6 months, when both air and liquid were 
then analysed. 
(la) A mixture was made of 1 part of the fresh sample with 19 parts of tap water, aérated and 
immediately analysed. 
(2a) A portion of this mixture was kept for 3 days out of contact with the air and then analysed. 
(3a) Another portion was kept for 12 days out of contact with the air and then analysed. 
(4a) Another portion, of known volume, was enclosed with a known volume of air in a well- 
stoppered bottle and kept for 6 months, when both air and liquid were analysed. 
The bottles were immersed during the time of keeping neck downwards in distilled water, and kept at 
the temperature of the laboratory. 











Other constituents expressed 
as parts by weight 
per 100,000 parts of water. 


Gaseous constituents expressed as volumes at 0°C., and 760 mm. Bar., 
per 1,000 volumes of water. 








Atmosphere in bottles. 
























































Exp. Dissolved gases. Nitrogen as— 
After fermentation. £ Before 
ermentation. 
Carbon | Oxy- | Nitro- | Carbon ae Or- | Am-| Ni- | Ni- 
dioxide.| gen. | gen. | dioxide. Oxygen. | Nitrogen.) Oxygen. |Nitrogen. ganic. | monia.| trites. | trates. 
1 12°01 | 7°38 | 15°25 to a -— — — 016 | 0°25 0-0 0-0 ' 
2.) 18°71} 1°70)) 15-30 < — — — — 0-12 | 0:3 0-0 0-0 
2 qeero4\) O72 | 15:22 —<y — — — — 0-12 | 0:3 0-0 0-0 
4 | 20°20 | 6°72} 13°90 8°22 100°74 487°5 | 127°85 | 480°95 | 0:05 | 0:0 0-0 | 0:25 
5 19°86 | 6°35 | 15-04 9°3 111-00 535°0 | 140°36 | 528-04 | 0°07 | 0-0 0-0 0-25 
la SO8. | F-40014 A534 — — == — — 0:10 | 0.13 0-0 0-01 
2a | 10°51 | 5°24 | 15-40 — oo — — — 0710 | O15 0-0 0-01 
BaF’ 12°26 13-65 |. 15°33 — — -— — — 07:0 | 0-15 0-0 0-01 
4a | 13°34 | 617 | 14:05 2°66 44:92 235°5 61-24 | 230°36 | 0°08 | 0°0 0-0 0-28 


| 
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TOTAL QUANTITIES OF OXYGEN ABSORBED, AND OF PRODUCTS FORMED DURING EACH 




















EXPERIMENT :— 
| -  PRODUCTS— 
| Chypat | Carbon | 
sap. absorbed. — ae | 
' Ammonia. | Nitrites. | Nitrates. 
2 568 6-70 O-0Bie: feu 0:0 0:0 
pire ingigs GHD py et POE IS 0-0 0-0 
4. TE WORT Tawa Abbe ee ae 0-25 
5 3039 sad in a) 0-25 
Bava 216. |. 9-48 0-02 0-0 0-0 
ae lows Bey Awe TSO CA Brg 0-0 0-0 
ye 17-53 ..}) «09-92 My rin 0:20 























For the first five experiments in this table, mixtures of tap water with 10 per cent. 
of the sample of tank liquor, unfiltered, were employed. 


In Experiments 2 and 3 portions of this mixture were kept entirely out of contact with 


the air, and they show that 5°68 and 6°66 c.c. dissolved oxygen, per litre, were absorbed 
in three and four days, respectively. 


Portions of the same mixture were enclosed, in Experiments 4 and 5, in well- 
stoppered bottles, each with an excess of air, and were kept for forty days and six months, 


respectively. The volumes of oxygen absorbed during these periods were 28°77 and 30°39 
c.c. per litre, respectively. ; | . 


Experiments 2a and 3a were made with mixtures of tap water with 5 per cent. of the 
unfiltered sample. The portions of the mixture employed for them were kept three and 
twelve days, respectively, out of contact with the air. The volumes of dissolved oxygen 
which were absorbed were, respectively, 2°16 and 3°75 c.c. per litre. In Experiment 4a. 
a portion was enclosed with an excess of air and kept for six months. The results show 


that 17°53 ¢.c. oxygen per litre were absorbed, and that the fermentative changes were 
complete. 


On comparing the results of Experiment 2 with those of Experiment 2a, the retarding 
influence of dilution on the rate of fermentation is seen. The mixtures in the two cases 
were kept for similar periods of time, and were otherwise similar in all respects except in 
that of strength. The results show that in the stronger mixture 5°68 c.c. oxygen per 


litre were absorbed, and that in the weaker mixture, just half the strength, less than half 
the volume of oxygen, 2°15 c.c., were absorbed. ; 


_ The volume of oxygen required for the complete fermentation of the sewage matters 
in the two mixtures are shown by the results of the Experiments 4 and 4a. These on being 
multiplied, each by its dilution factor, yield 287-7 ¢.c. and 350°6, respectively, per litre. 
The quantities of carbon dioxide and of nitrates formed in the two cases were 171°1 c.c. 
and 0°25 parts nitrogen as nitrates, and 158-4 c.c_ carbon dioxide and 0°4 parts nitrogen 
as nitrates, per litre and per 100,000 parts, of the mixture, respectively. 


It appears from these experiments that septic tank liquor of the strength of the sample 
employed could be discharged into calm river waters in the proportion of 10 per cent., with- 
out danger to their aeration. 
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A series of experiments with a second and stronger sample of unfiltered Belfast tank 
liquor and sea water, by the same author, are given in the following table :— 


TABLE 29.—ANALYSIS showing the Course and Rate of Fermentative Changes, under Aerobic Conditions 
of the Polluting Matters in a sample of Septic Tank Liquor, collected 1.0 p.m., March 9th, 1905, from 
the Experimental Septic Tank at the Belfast Sewage Works. (Adeney.) 


The following experiments were made with this sample :— 


(1) A mixture was made of 1 part of the fresh sample (unfiltered) and 4 parts of sea water, 
aerated, and immediately analysed. 


(2) A portion of the mixture was kept 24 hours out of contact with air, and then analysed. 


(3) Another portion of the mixture of known volume enclosed with a known volume of air in a 
well-stoppered bottle, and kept for 4 months, both liquid and air were then analysed. 


(4) Another portion was similarly enclosed and kept 6 months, when both liquid and air were 
analysed. ; 


(la) A mixture was also made of 1 part of the fresh sample (unfiltered) and 9 parts of sea water, 
and immediately analysed. 


(2a) A portion of the mixture was kept out of contact with air for 26 hours, and then analysed. 


(3a) Another portion of the mixture of known volume enclosed with a known volume of air in a 
well-stoppered bottle, and kept 4 months and analysed. 


(4a) Another portion was similarly enclosed and kept for 6 months, and then analysed. 


(1b) A part of the fresh sample was passed through an experimental gravel filter, and the effluent 
obtained was analysed without delay. 


(2b) A portion of the effluent was enclosed with a known volume of air in a stoppered bottle and 
kept for 25 days, and was then analysed. 


(3b) Another portion of the effluent similarly enclosed and kept for 60 days. 


(1c) A part of the fresh sample was more quickly passed through the same filter, and the effluent was 
immediately analysed. 


(2c) A portion of this effluent was enclosed with a known volume of air, and kept for 21 days, 
when both effluent and air were analysed. 


(3c) Another portion of the same effluent similarly enclosed, and analysed after being kept for 
6 months. 


The bottles were kept neck downwards in distilled water at the temperature of the laboratory. 





Other constituents expressed 
as parts by weight 
per 100,000 parts of water. 


Gaseous constituents expressed as volumes at 0°C., and 760 mm. Bar., per 
1,000 volumes of water. 








Atmosphere in bottles. 





























Dissolved gases. Nitrogen as— 
. Before 
After fermentation. Fee cat niiont 
Carbon ; e Or- |Ammo- Ni- | Ni- 
esi Oxygen. |Nitrogen.) Carbon Ney Oxy- | Nitro- . . ; 

-| dioxide. sar ot aed Oxygen. | Nitrogen gen. | gen. ganic.| mia. | trites. | trates. 
52°55 5°82 12°04 a — — — — 0-2 0°68 | 0-0 0-01 
58°55 0:19 12°04 — = = — — 0:2 0-7 0-0 0-01 
72°59 2°54 10°72 25°68 57°14 514°9 | 185°51| 509-78) 0:12 | 0°05 | 0:0 0°65 








80°37 Ley 12°72 17°15 27°90 ‘| 412°7 | 108°36) 407°64| 0:12 | 0-0 0:0 0°69 























48°78 5°63 11°67 — = — — — 0°15 | 0°34 | 0-0 0°02 
54°61 0-06 11°69 — — — — — 0°13. | 0:36 | .0-0 0-02 
56°22 4°64 12°72 11°45 86°56 4716 | 124-85) 469°65) 0-08 | 0-0 0:0 0°36 
59°12 4°24 12°45 10:0 68°05 429°15 | 113°27| 426-11} 0°05 | 0-0 0-0 0°35 
169°23 5:97 13°73 — _ — — —- 0-2 25 | trace | 0:0 

18156 0:0 14:08 12:52 0-0 267°1 70°14] 263-86} 0-1 0-4 0-7 0°9 

185°3 0-0 13°95 8:0 0-0 223°2 59°22) 222-78) O-1 O07 0-1 1-5 
156°33 6:02 13°69 = i — —_ _ O18) ob: 0-0 0-0 

183°85 0:87 13°26 24°18 14°20 429:0 | 112°66| 423°83) 0:12 | 0-0 0-0 1:2 











179°54 Id Ty 16:00 22°55 12°6 446°1 {117-7 |442°8 | 0°15 | 0°0 0-0 1-2 
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TABLE 29—continued. 


ToTAL QUANTITIES OF OXYGEN ABSORBED, AND OF PRODUCTS FORMED DURING EACH EXPERIMENT. 




















Products. 
E Oxygen gah 
XP. | absorbed. Pea 1 3 an a 
Ammonia. Nitrites. Nitrates. 
S 5°60 6:00 0:02 0:0 0-0 
3 81°65 45°72 - sae 0°64 
4 84°31 44:97 — 0:0 0°68 
2a 50 5°83 0:02 0:0 0:0 
3a 39°28 18°89 = ts 0°34 
Aa, 46°41 20°34 - ~ 0°33 
2b 7611 24°85 0-0 0:7 0:9 
3b 65°19 24:07 0:0 0-1 15 
2e 103°61 51:70 0-0 0:0 12 
3¢ 149-91 45:76 0:0 0:0 1:2 














Experiments 1 and 2 show that in a 20 per cent. mixture, 5°63 c.c. dissolved oxygen 
per litre were absorbed in 24 hours. Experiment 3 gives 81°65 c.c. oxygen as the volume 
absorbed per litre in4 months, and Experiment 4, 84°31 ¢.c. as the volume taken up in 
6 months. 


Experiments la to 4a were made with a 10 per cent. mixture. They show that 5°57 
c.c. oxygen per litre were absorbed in 26 hours, 39°28 c.c. in 4 months, and 46°41 c¢.c. in 
6 months. 


On comparing the results of Experiments 2 and 2a together, we find that when sewage 
is mixed in comparatively large proportions with water the retarding influence of dilution 
on the rate of absorption of oxygen is not discernible, as is the case when the sewage 
is present in smaller proportions. The two experiments referred to were similar in every 
respect, with the exception that the former contained 20 per cent. of tank liquor, and 
the latter 10 per cent., but the rate of absorption in the two cases was practically identical. 


These experiments prove that septic tank liquors of the strength of the sample employed 
could not be discharged into sea water in the proportion of 10 per cent. within the limits of 
safety to the aeration of the same. 


_ The other experiments recorded in this table illustrate another point in fermenta- 
tion, which has already been dealt with (see p. 27). . 


Dr. Fowler has recorded a large number of determinations of the rate of absorption 
of dissolved oxygen in known mixtures of thoroughly aerated tap-water and of filtrates 
from one of the bacteria beds, treated with septic tank liquor, at the Manchester Sewage 
Purification Works. The determinations were carried out’ as follows:—One volume 
(generally 120 c.c.) of the filtrate was mixed with 9 volumes (1,080 c.c.) of tap water, which 
had been thoroughly shaken with air. After standing for a short time to allow any bubbles 
of air to escape, the dissolved oxygen was determined in about 400 c.c. of this mixture by 
means of the Thresh method ; 600 c.c. of the remaining liquid was then incubated at 27-7°C. 
for two days, and the dissolved oxygen again-determined. The results obtained for the 
year 1901 are given in the next table. Mixtures of 62 different samples of filtrate with 
tap-water were examined during the year. The dissolved oxygen in 11 of them was 
completely absorbed during the 48 hours’ incubation. The average absorption for the 
remaining mixtures amounted to 3:5 c.c. per litre per 48 hours, the maximum absorption 
being 6-1 ¢.c., and the minimum 1°5 c.c. per litre, per 48 hours. 


It will be seen that these volumes are generally well under the maximum, which was 
above taken as allowable for absorption in 48 hours, viz., 5°6 ¢.c. per litre ; and it must be. 
remembered that the mixtures in these experiments were kept at a temperature much 
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more favourable for rapid fermentation than those which ordinarily obtain under 
atmospheric conditions. We may therefore conclude that filtrates from single contact 
beds, such as those employed in these experiments, may be safely discharged into tidal waters 
in proportions certainly larger than 10 per cent., and probably as large as 20 per cent. 


Dr. Fowler has also recorded the results of similar experiments which were carried 
out in the succeeding year, 1902, and they completely confirm this conclusion. 


TABLE 294.—Experiments showing the Rate of Absorption of Dissolved Oxygen in Tap-water polluted by 
10 per cent. Filtrate from one of the Bacteria Beds, treated wlth Septic Tank Liquor, at the Manchester 
Sewage Purification Works. (Fowler.)* 


The Dissolved Oxygen determinations are expressed in c.c. at N.T.P. per 1,000 c.c. of water, the other 
determinations in parts per 100,000. 










































































bss) s'timnior cones Dissolved Oxygen. | Reduction 

Date. absorbed. | _ absorbed. Nitrate.t Dinatred 
4 hours. es After 2 days’ Oxygen. 

efore. After. At once. incubation. 
1901-2. 
Dec. 27 1:67 84 ‘76 67 hE 3°6 Ba) 
Pe, 30 1:57 ‘76 60 76 1:2 4] 3-1 
1902-3. 

Jan. 11 2°30 1:26 E07) 1. ‘70 6°8 4-6 2-9 
eae tS 2-63 1-41 1:09 ‘76 71 4-9 2-2 
Feb. 17 3°83 2°63 1:83 5 Olle | at 5:9 1°8 
oe la 3-44 Pee 2 | 1:96 ‘41 (i 5-1 2°6 
Bor 125 1:93 86 ‘61 89 7-6 5:8 1:8 
een 8 4-24 2-74 2°29 36 7-6 4-4 3-2 
Mar. 1 3-11 217 1:80 37 7-0 4-6 2-4 
a eh Bs 2-90 1:99 2-00 66 66 3-7 2-9 
BA bingy: 4-61 2-90 3°39 32 71 1:2 5-9 
BA fa 3°34 2°17 1:31 1:42 6°6 3°8 2°8 
jn ae 5-00 2-59 2°86 46 71 3°3 3°8 
ale ee) 8°3T 1:73 1°60 "82 6°8 4-4 2-4 
April 1 2°59 161 1:60 34 6-9 3-0 3-9 
‘elas: 2°89 1:60 1°56 29 7-0 31 3°9 
alae 2-46 114 1:09 42 77 Lope 3-4 
ab 3°73 9°59 27 7t O5 77 2:5 5-2 
ie ded Ee 2-79 1°51 ea ‘50 6°6 ep) 3-4 
a e19 3°36 1:80 1°64 16 6°8 2-9 3-9 
ee py 2°87 1:39 12 90 6-9 2-7 4-2 
hes 3°37 1°61 1-76 26 6-7 3°5 3-9 
wld 2-74 1-74 1:57 19 6-7 3°6 am 
eth 28 3:13 2-06 1:91 ‘11 65 15 ho ipa 
May,.3 3-00 163 80 84 6-7 sponta ONG 
1:97 ‘91 -80 ‘61 7-2 4:7 2-5 
Br a 1-77 86 46 1:31 6-9 3-9 3-0 
3-00 157 1:23 63 7-0 3-9 3-1 
2 url 2-77 1:46 1:26 ntl 939 6°7 2°8 3:9 
3°69 1°80 2-03t 0 7:0 29 4°] 
peopel £8 2-69 1:69 1:43 ‘26 6°3 0 6°3 
PR ah 2-00 1:00... | ‘86 ‘70 6°8 31 3-7 




















Me ae ipbiag Report of the Rivers Department of the City of Manchester for the year ending March 25th, 1903, 
able 22. 


+ These tests were made with the undiluted filtrate. 
t Samples thus marked were putrescent after incubation all the other samples remained sweet. 
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TABLE 29A—continued. 
























































Incubator Test. t Dissolved Oxygen. Badueton 
Oxygen 3 minutes—Oxygen . of 

Date. absorbed. absorbed. Nitrate.f sh Dissolved. 

4 hours.7 oe Brains At once. s iaeane tio > Oxygen. 

May 12 3°36 1°83 1:91 ‘51 6-6 0-5 6-1 
aaede 3-26 1°63 2-26 -30 6-4 0 6-4 
5-20 3°29 4-34 0 6°7 0 6°7 
ee ail 3-91 2:17 3-20 “ae 6-2 0 6-2 
3-54 1:97 2-89t 06 6-3 0 6°3 
June 2 3-03 1:54 154 16 6-1 0 6-1 
4-54 2-57 2-83t 06 6-4 0 6-4 
eh 3 4-7] 1:69 3-80 06 6-0 0 6-0 
Oct. 11 2°91 1-60 1-59 48 oo ae Sih 3:3 2:8 
ees 2°94 1-67 A165 4 “49 6-3 3-4 2-9 
Aap t 1-71 93 ‘81 34. 6-2 29 3:3 
A al te 2°13 1:09 80 ‘Bl 6-7 3-0 37 
See 20 1:89 ‘91 ‘70 60 6:3 4] 2-2 
eet 2°97 1°61 1:36 Raa 6-8 0 6:8 
peas) 24] 1:27 1-04 ‘58 6-4 3:9 2-5 
piste 1-94 1°29. | ‘717 ‘96 6-3 0 6:3. 
Nov. 8 3-09 Peto & 177 33 6-2 1-4 4:8 
sh Ge) 2-01 ‘OSM 84 64 Poudblay! 3-0 3-2 
Roots! 2-97 1:64 1:37 ‘51 6-4 2-1 4°3 
te 18 2-60 14a 141 ‘TT 6-8 0:8 6-0 
Dec. 1 2-57 1:29 89 74 7-0 4-6 9:4 
eh Fp 151 66 56 ‘93 7:0 5-5 15 
Baie 217 117 ‘94 ‘73 71 "AB 2°6. 
Re Post; 3°89 2°50 1:30 ‘37 7-2 press 3-4 
har oe 4-27 2°81 9°67 51 7-2 \ Ieee 3°8 
ie Mii 4-30 9°49 2-61t 21 6-9 29 "4-0 
oa 3°76 1:96 1-60 -90 7:0 2-7 4°3 
Ca ae 2°39 1:39 ‘79 84 7-0 3°8 3-2 
Late oT 2:hONa NY 1:44 1-41 33 7:0 0-9 6-1 
Sh Eb 3-07 1:69 1°63 AT 6-9 0 6-9 











+ These tests were made with the undiluted filtrate. ; 
{ Samples thus marked were putrescent after incubation ; all the other samples remained sweet. 


A number of experiments are given in the succeeding table which give the rates of 


absorption of oxygen by fermentative changes in samples of tidal water polluted by fresh 
Sewage matters. 


The samples were collected from the lower portion of the estuary of the River Liffey 
and immediately below the Rathmines and Pembroke main drainage outfall. The 
discharge of sewage from this outfall is limited to the first five hours of the ebb tide.* 


The percentage of sewage matters in the samples have been calculated from the 
quantities of ammonia in them, taking the sewage as discharged from the outfall to be— 
from the analyses which are given of it—less than half the strength of most town sewages. 








_ * The sewage from the outfall is largely mixed with subsoil water, which contains considerable quantities of 
nitrates. Hence it is not discharged in a state of putrefaction, 


77 


TABLE 30.—Analyses showing the Rate of Absorption of Dissolved Oxygen, by Fermentative Changes, in 
Tidal Waters poiluted by Sewage Matters. The Samples were collected from the Estuary of the 
River Liffey during the ebb tide, just below the Rathmines and Pembroke main drainage outfall, 
in calm weather. The Sewage from this Outfall is only discharged during the first five hours of the 
ebb tide. Gaseous constituents expressed as volumes at 0°C.,and 760 mm. Bar., per 1,000 volumes, 
and other constituents as parts by weight per 100,000 parts of water. (Adeney.) 
































: ‘ Mealy epee Nitrogen sina 
Ne itis Hae eae Oxygen. al a ee ofabsorp; as | Chlorine. sewage State of weather. 
‘ : ; : | Jection, | #2 Per Ammonia; present in 
48 hours. waters. T 
1 7 4hre.) 95:05 | 5:27, | 15°31 | 5:30 "36 16 837 4 Calm and dry. 
2 9 OTRO Pp 4°87 1-15-20 |. 542 7°60 60 665 15 Calm and wet. 
3 8 6 , | 63°20] 5:95 | 14:47] 6°00 0-40 ‘042 1295 1 Calm and dry. 
4 8 |23 ,, | 83°98 | 2°16 | 15°31} 513 5°94 “44 999 11 Calm and frosty. 
Damen | 29° 45|. 64°08 | 6:03 | 13°62 | 6:53 1:0 ‘175 1365 4-5 | Stormy and wet. 
6 8 |26 ,, | 55°83 | 5°62 |13-28 | 5-85 0°46 05 1890 1:25 | Calm and dry. 
7 Seepol,, | 60°26 |, 5:77 | 14:48} 6:00 ‘36 042 1318 1 Calm and dry. 
8 8 |48 ,, | 62°74 | 3°80 | 14:26) 5:89 2-09 16 1453 4 Calm and frosty. 
9 8 (days) 61°74 | 4:80 | 14:26] 5:90 | -32-| -032 1348 0°75 | Calm and dry. 











Analyses of average samples of sewage hourly collected from the bottom of the Penstock Chamber, from half 
| an hour after the gates were opened to half an hour aiter they were closed. 
































Nitrogen as Solids in suspension 
. SeMSOuUs Lite 
No. 1905. | High water. Nigpates Chlorine. anion! Remarks 
Ammonia. and Mineral. | Volatile. 
Nitrites. 
1 | April 4 | 10.58 a.m. 2-0 "05 179 383 4:25 | 10:20 | Weather fine. 
2 » 5 | 11.27 am. 2°5 06 173 384. 3:3 9-3 f \ 
3 ee LLB?) a.m, oct 10 157 347 2°6 74 i . 
4 mals 9.56 a.m. 1-4 ‘10 134 327 40°5 32°3 Showery. 
5 prt 10.39 a.m. 2°5 “Is 173 387 2°5 3°5 Wet. 
6 eee) 11.25 a.m. 18 13 170 380 10:0 11:0 Fine. 
7 rea 12.0 p.m. 1°6 ‘10 144 326 3°6 6:4 Fine. 
Average - - 2°0 095 161 362 12-4 11-4 

















As might be anticipated from the variable composition and fermentative characters 
of sewage, the results of these experiments prove that an exact relationship cannot be 
drawn between the rates of absorption of dissolved oxygen, and the percentage of sewage 
matters present in a polluted water. Nevertheless, the results bear out those of the 
preceding experiment in showing that the dissolved oxygen in unpolluted tidal waters 
is in danger of being completely absorbed in forty-eight hours, if mixed with a greater pro- 
portion than from 5 to 10 per cent. of ordinary liquid sewage matters. 


Summary of Results of Experiments on the Rate of Absorption of Dissolved Oxygen by 
Fermentative Changes in slightly Polluted Waters under Aerobie Conditions. 


| We give in the following table a summary of the results of the experiments which 
we have quoted on this question of the maximum proportions of different classes of sew- 
age matters allowable in fresh and salt water :— 


* The bottles in which the samples were collected were completely filled and carefully corked and their 
contents were kept out of contact with the air during the time stated in this column. 


} The figures in this column are calculated from the quantities of ammonia in the sample, and from the 
average quantity in the sewage as discharged from the above-méntioned outfall. The average composition of the 
sewage is given in the succeeding table. The analyses show that the sewage is very dilute, less than half the 
strength of the sewage employed in previous experiments. Hence twice the quantity of ammonia has been taken 
for calculating the percentages of sewage in the waters. . 


TABLE 31,—Summary of the Results of the Experimen 
Fresh and in Salt Waters, polluted by known, or approx! 


of Sewage Matters. 
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ts on the Rates of Absorption of Dissolved Oxygen in 
mately known, quantities of different classes 

















Strength of sewage 
employed in experi- 
Volume of oxygen ments, in terms of 
aks Description and_per- absorbed, in c.c. at volumes of oxygen ab- 
No. Description of centage of polluting | 0°C.,and760mm.| Temp. C. | sorbed during complete 
Weis matters. bar., per litre in | fermentation. 
48 hours. First Second — 
Stage. Stage.. 
1 | Tap water : -| Sewage’; 24 % - O-2 1% | 15 to 20 132 174 
2 | Tap water- - -| Septic tank liquor’ ; 
BS ys - - 1-44 10 to 14 224 80 
3 | Tap water- - -| Septic tank liquor’ ; 
Ne - - 38 10 to 14| 224 80 
4 | Tap water- - -| Effluent from filter 
bed’ ; 64 % - - Ps 15 to 20 0 48°8 
5 | R. Mersey, just before | Polluting matters = 
junction with Man- to about 6 % septic 
chester Ship Canal’ tank liquor (first 
stage) - - - 0°75 12 to 15 18°3 19°2+ 
6 | Manchester Ship Polluting matters = 
Canal, just before to about 17 % sep- 
junction with R. tic tank liquor (first 
Mersey ° stage) - - - 3°3 12\to 15 36°8t 29-8+ 
7 | Sea water Sewage®; 1 % - - 3 21 21 aa 
8 | Sea water - - - | Ditto - ; 0°44 21 — ae 
9 | Sea water - - - | Ditto - - : 0°22 21 ae Hi 
10 | Tidal river water Sewage’; 4% - 0°36 torre oo i eo 
11 | Tidal river water Sewage’; 15 %- : 7°60 9 to 12 — = 
12 | Tidal river water -| Sewage’; 11 %- - 5:94 8 to 12 — ae 
13 | Tidal river water -| Sewage’; 44 %- 1:0 10.1042 = = 
14 | Tidal river water -j| Sewage’; 4% - - 2°09 8 to 12 — a 
15 | Tidal river water -| Sewage’; 1% - - 0-4 | 8:to 42 — — 
16 | Tidal river water Sewage’; 14% : 0°46 8 to 12 — — 
17 | Tidal river water -| Sewage’; 1 % - - 0°36 (tous = ais 
18 | Tidal river water -| Sewage’; #% - : 0°32 9 to 12 — Ka 
19 | Sea water - - -| Septic tank liquor’ ; 
20% Ue - - 11°26 10 to 14 312°5 1097 
20 | Sea water - - -| Septic tank liquor® ; 
10% - ih) ie 11-14 10 to 14 $12°5 1097 
21 | Tap water - , - | Filtrate from contact 
bed? ; 10% 
51 samples :— 
Max. - - 61 | = at 
Mean - 3°5 27°7 — =e 
Minne pe 15 | | eee a 

















1Table 10. *?Table28. *Table14. *Table 34. ’Table 35. * Table 27. “Table 30. *Table 29. ® Table 29A. 
_* Note these figures are based on the assumption that the rate of absorption of oxygen was uniform during the 
time the mixtures were kept, 32 and 30 days, respectively, and they are therefore certainly too low. ~ 
+The ei of oxygen absorbed during the second stage of fermentation has been calculated from the equation 
given on p. 44. 


t A portion of this volume of oxygen, 7°28, was taken up for the oxidation of 4°16 c.c. sulphuretted hydrogen. 


2. Rate of Absorption of Oxygen by Fermentative Changes in Effiuents from Filter Beds and 
from Land Treatment. 


Mr. F. Scudder communicated in his evidence before the Royal Commission on 
Sewage Disposal, the results of a valuable series of analyses of effluents as discharged 
into various rivers under the jurisdiction of the Mersey and Irwell Joint Committee. 
They include not only the ordinary analytical determinations, but also the results 
obtained by the incubation test, and the rate of absorption of dissolved oxygen in each 


effluent, after aeration, during twenty-four and forty-eight hours. They are quoted in 
the two succeeding tables. 


On reference to them it will be found that in thirty-one of the effluents from land 
treatment, or from filter beds, the rate of absorption during the forty-eight hours did not 
exceed the rate of absorption of atmospheric oxygen by fresh water under calm-weather 
conditions ; and in the majority of the remaining effluents the absorption of oxygen in 
forty-eight hours did not exceed 4°4 c.c. per litre, which is the maximum amount that 
may be absorbed from fresh water according to the limit we have adopted in this discussion. 


It is evident, therefore, that the state of aeration of the greater number of these 
effluents must be regarded as of even more importance from the point of view of pollution 
than the quantity of the fermentative matters which they contained. Thus any one of 
the thirty-one effluents above referred to, if wholly de-aerated, when mixed with an equal 
volume of tidal water, would reduce the aeration of the latter by one-half by simple dilu- 
tion, but would not otherwise appreciably affect it. f 
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8. Rave of Absorption of Dissolved Oxygen caused by De-aerated Water containing both 
directly and indirectly Oxidizable Substances, when mixed with Unpolluted Water. 


We give in the next two tables the results of some experiments with two samples of 
heavily polluted river waters, for which we are indebted to the kindness of Dr. Gilbert J. 
Fowler. They were collected under his supervision from the River Mersey, and from the 
Manchester Ship Canal, before their junction just below Irlam Bridge, about thirty yards 
above Mersey Weir. 


Portions of each of these samples were enclosed, each with an excess of air, in well- 
stoppered bottles. The results of the experiments with them are given in the tables. 


RIVER MERSEY. 


TABLE 34.—Analyses showing the Rate of, and Total, Absorption of Oxygen in a Sample of Water collected 
from the River Mersey, just below Irlam Bridge, about 30 yards above Mersey Weir, at 9.30 a.m., 
October 3rd, 1905. Weather dry for some days previously. (Adeney.) 


The following experiments were made with this sample :-— 


(1). The sample was first examined after it had been kept out of contact with air for 2 days after 
collection. 

(2). A portion of it of known volume was then enclosed in a well-stoppered bottle together with a 
known volume of air, and was kept for 7 days, when both the air and the sample in the 
bottle were analysed. 

(3). Another portion of the sample was similarly enclosed and kept for 14 days and analysed. 

(4). Another portion was similarly enclosed and kept for 28 days. 

(5). Another portion was similarly enclosed and kept for 34 days. 
(6). Another portion was similarly enclosed and kept for 60 days. 
The bottles were immersed during the time of keeping neck downwards in distilled water at the tem- 
perature of the laboratory. 

Gaseous constituents expressed as volumes at O°C., Other constituents as parts by weight 

and 760 mm. Bar., per 1,000 volumes of water. per 100,000 volumes of water. 

















Atmosphere in bottles. 








Exp Dissolved Gases. q Balore fer- Nitrogen as Solids 
After fermentation. 3 : 

: mentation. — Chlo | in sus- 

Carb i rine. | pen- 

anon] Oxy- | Nitro- /"3; - |Nitro-| Oxy-|Nitro-} Or- | Am-| Ni- | Ni- sion. 


gen. | gen. gen. | gen. | gen. | ganic. | monia.| trites. | trates. 


—————_. 














_ — - 0-19 | O04 0:0 0:0. | 812| 435 














45°81 | 0:0 15°29 


-46-74| 5°68 | 14-40 235°t | 62°05| 233-43] 0-18 | 0-15 | 0-0 0:0 


| 
| 


AT-94 552 | 14°41 257-36] 67°50| 253-92} O17 | 0-45 | 0-0 0-0 


49°64] 4:28 | 14°80 924-08| 59°67 | 224-45] 0-12 | 0°34 | 0:04 | 005] - ~ 





49°48 | 3:8 14°93 306-72| 80°67 | 303:48| O10 | 0°04 | 0°04 | 0°30) —- - 


40°91 94.5-40|249-01 | 936-75}. 0-15 | 0:0 0:0 0:58 | - ~ 




















PEs ree ney ee ed eo ee 
Total quantities of oxygen absorbed and of products formed by fermentation during each experiment :— 


ee ee ee eee eee 








Products— 
Oxygen 
Exp. . 
absorbed. | Carbon Ammonia.| Nitrites. | Nitrates. 
Dioxide. 
2 8-22 0-05 0-0 HY 
3 9-23 0-05 00 00 
4 16°12 = 0:04 0:05 
5 27-39 - 0-04 ee 
6 37°49 ~ = OBS 





The sample when fresh was of a yellowish brown colour, and decidedly turbid. It contained small. quan- 
tities of flocculent matters in suspension. Odour slightly offensive. 
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MANCHESTER SHIP CANAL. 


TaBLE 35.—Analyses showing the Rate of, and Total, Absorption of Oxygen in a Sample of Water collected 
from the Manchester Ship Canal, just below Irlam Bridge, about 30 yards above Mersey Weir, at 


9.30 a.m., October 3rd, 1905. Weather dry for some days previously. (Adeney ) 


The following experiments were made with this sample :— 
(1). The sample was first examined after it had been kept out of contact with air for 2 days after 


collection. 
(2). A portion of it of known volume was then enclosed in a well stoppered bottle together with a 
known volume of air, and was kept for 7 days, when both the air and sample in the bottle 


were analysed. 
(3). Another portion of the sample was similarly enclosed and kept for 14 days, and analysed. 


(4). Another portion was similarly enclosed and kept for 35 days. 
(5). Another portion was similarly enclosed and kept for 45 days. 
(6). Another portion was similarly enclosed and kept for 60 days. 


The bottles were immersed during the time of keeping neck downwards in distilled water at the 
temperature of the laboratory, which varied between 12° and 16° C. 





Gaseous constituents expressed as volumes at O°C., and 760 mm. Bar., werk constituents as parts 
y weight per 100,000 
per 1,000 volumes of water. voliaies Gh 




















Atmosphere in Bottles. 
Dissolved Gases. Nitrogen as 
42 é Before 
3 After Fermentation. Tos cuiatian 
8 
Q& | 
Fd 2 Bled d 5 ao d 5 a 5 g a Z b 
Bip teal so" | oo) foo rcaiamee = S ao | Be ee 
eo ies tom 8 8 S| ee Re 5 oe ee 
ae 08 | So Se OS aaa S fe) = S wet Tirta ae 
1 | 4:16 | 82°63 | 0:0 15:33 | — — — 018 ; 08 0-0 0:0 
2 | 0:0 | 88°46 | 5:45 | 14°70 | 11:55 133°86 | 50359 | 0°15 | 0°88 | 0:0 0-0 
3°] 00 | 89°77] 5-4 | 14-71 | 12-2 140-86 | 529-89 | 0:12] 09 | 0:0 | 0-0 
4 | 00 | 80:25} 2°42 | 14°75 | 23-20 143:28 | 539°02 | 0:12 | 0-0 0-16 | 0°64 
5 | 0:0 |.81°39 }:3°30 |.14°68.| 23 7 129-34 | 486°56 | 0-13 | 0:0 0-0 0-75 
6 7°00 |.80:45')°3:55 | 15°49)123'85 134:91 | 507:53-} 012 | 09 0:0 0:93 




















___ Total quantities of oxygen absorbed in oxidation of sulphides, and by fermentation, and of the products 
of the latter formed, during each experiment. It should be noted that 7:28 c.c. oxygen per litre were 
absorbed in the oxidation of the sulphides. 





Products. 


Experiment. Oxy gen 
absorbed. Caan 
mor | Ammonia. | Nitrites. | Nitrates. 





Dioxide. 
2 29-41 17°38 0-08 0-0 0-0 
3 35°21 19°34 0-1 0-0 0:0 
4 66°96 20:82 ‘aa 0-16 0°64 
5 66°60 22°46 ead Ee 0-75 
6 66°36 21°67 = c 0:93 





en |) een Pe EPECTO MNES 
The sample when fresh was a brownish black, turbid liquid, with small quantities of finely divided 


matters in suspension, and of an offensive putrefactive odour. It contained 72:5 parts of solid matter in 
solution, and 13:77 parts of chlorine per 100,000. 


In all the experiments, the black ferrous sulphide was converted into red oxide in the course of two or 
three days from their commencement. 
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On reference to the first four experiments with the Mersey sample, it will be found 
that the first stage of fermentation must have been nearly completed at the time it was 
collected, since they show that this stage only accounts for an absorption of 9°23 c.c. 
oxygen, and for the formation of 6°13 c.c. carbon dioxide, per litre. 


When the results for the Experiments 3, 4 and 5 are compared together, we find that 
a period of rest, lasting several days, must have followed the first stage, and before the 
second stage had proceeded sufficiently to afford appreciable results. 


_ Experiment 6 may be regarded as indicating the completion of both stages of fermenta- 
tion, and we find from it that 37°49 c.c. oxygen were absorbed, and 11°5 c.c. carbon dioxide 
and °0058 grm. nitrogen as nitrates were formed, per litre. 


On comparing these results with those obtained for the average sample of sewage, 
Table 10, p. 28, it) is seen that the strength of the sample as regards first stage fer- 
mentative substances was a little more than 1/10 of that of the sewage, and as regards 
second stage fermentative substances, about 1/10 also. 


So far for the fermentative changes, but the sample was also completely de-oxygenated 
at the start, and we find from Experiment 2 that 5°68 c.c. oxygen per litre was taken up 
from the atmosphere in the flasks for re-aeration, in addition to the 8°22 c.c. which were 
absorbed by the fermentation. Under natural conditions, and according to the approxi- 
mate rate of re-aeration in calm fresh water which we have adopted, viz., 0°72 c.c. oxygen 
per litre, per twenty-four hours, Table 24, p. 65, the re-aeration of large volumes of this 
polluted water would in calm weather take about eight days. By dilution with twice its 
bulk of air-saturated fresh water at 18° C., its aeration would be raised to 4°52 c.c. oxygen 
per litre, which is well above the minimum limit, 4 c.c., which we have adopted for fresh 
water. The rate of absorption of oxygen by fermentation in the mixture would also be 
decidedly less than that of re-absorption from the air. The sample thus diluted would 
therefore be, so iar as aeration would be concerned, in no way dangerous to fish. A 
reservation must, however, be made in connection with this point. Such a dilution as 
here indicated was actually made with a portion of the original sample, and it was 
very turbid and dirty looking. We shall deal with this point when discussing the question 


‘of standards. 


We may again refer to Experiments 3, 4 and 5 in order to point out that they give 
the means of calculating the rate of absorption of oxygen during the second stage of fermenta- 
tion, it was equal to 3°8 c.c. per litre in forty-eight hours. 


The results of the experiments with the sample from the Manchester Ship Canal 
show that it was not only much more heavily polluted with fermentative organic matters 
than the Mersey sample, but also contained decided quantities of easily oxidisable sulphides ; 
it was also completely de-aerated. 

Experiment 3 indicates the complete oxidation of the sulphides and also the com- 
pletion of the first stage of fermentation, and the results show that 35.21 ¢.¢. per litre oxygen 
in all were absorbed, 7°28 c.c. for the oxidation of the sulphides according to the equation— 

eked -- 70. SHO) S 280, +: 2 Fe, HO, 
and 27:93 c.c. for the true fermentative, and other possible oxidation, changes, while . 
19°34 c.c. carbon dioxide per litre were formed; 5:4 c.c. per litre were in addition taken 
up for re-aeration. 

The oxidation of the sulphides may be taken as having been completed in forty-eight 
hours, since the conversion of the black ferrous sulphide in the sample to the red ferric 
hydrate was very nearly, if not entirely, complete in this time. 


Experiment 2 shows that the oxygen absorbed by fermentative changes in seven days 
was 29°41—7°28 = 22°13 c.c. per litre, or 6°3 ¢.c. in forty-eight hours, assuming that the 
rate of absorption by fermentation changes was uniform during the seven days. 


The total absorption by direct oxidation and fermentative changes therefore amounted 
to approximately 13°6 c.c. oxygen per litre in forty-eight hours. 

The question arises, To what extent would such a sample have to be diluted to ensure 
that the rate of absorption of dissolved oxygen in the mixture should not exceed the 
maximum allowable limit ? 7 

Suppose the water were diluted with three times its volume of fully aerated sea 


water at 18° C.,=5°51 cc. oxygen per litre, the aeration of the mixture would be equal to 4°13 
c.c. oxygen per litre, and the rate of absorption in it due to the direct oxidation of the 
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sulphides, and to fermentative changes, would be approximately one-fourth the absorp- 
tion above found for these two causes in the undiluted sample, viz., nearly 3°4 0.¢. per litre. 
On keeping therefore the mixture for forty-eight hours out of contact with the air, its _ 
aeration would be reduced to 0°73 ¢.c. oxygen per litre. - Hence dilution with three times. 

its volume of sea water would produce a mixture in which the rate of absorption of 
dissolved oxygen from all causes would just exceed the maximum allowable limit which 
we have adopted ; and it must be added that such a mixture on being made remained 
very turbid and discoloured for some time, and that it 1s doubtful to what extent the 
sulphides and other possible products of previous anaerobic fermentation which may 
have been present, would affect fish life.. tea 


Experiment 4 was continued for twenty-one days longer than Experiment 3, and 
during this extended period the whole of the ammonia was oxidised chiefly to nitrie acid. 
If we allow seven days for the period of rest between the two stages of fermentation, we. 
get fourteen days as the time in which the second stage was practically completed, and 
during it 31°75 c.c. oxygen per litre of the sample was absorbed, which is at the rate of 4°5 
c.c. for forty-eight hours, which would be much too rapid to allow in a tidal water for a 
period extending over forty-eight hours. 


On comparing the results of complete fermentation of this sample with those for 
the average sample of sewage already referred to, we find that it was a little less than 


one-fourth the strength in carbon oxidisable substances, and about one-sixth its 
strength in nitrifiable substances. | 


SAMPLE OF POLLUTED TIDAL WATER CONTAINING SULPHIDES IN SUSPENSION. 


The experiment, which is recorded in Table 354, which follows, was made by the 
same author with a sample of polluted tidal water after it had been kept for a week out 
of contact with air, when it had become completely de-aerated and very offensive from 
products, more particularly sulphides, of anaerobic fermentation. The rateof absorption 
of oxygen caused by the sample in this condition when gently shaken in a closed vessel 


with an excess of air was determined by a method which will be subsequently described 
(pp. 101-105). 


TABLE 35A4.—Determinations of the Rates of Absorption of Oxygen by a Sample of Polluted ‘Tidal Water 


showing that Directly Oxidisable Products of Anaerobic Fermentation may absorb Oxygen much more 
quickly than Indirectly Oxidisable Substances. 


Oxygen absorbed Oxygen absorbed 


Time. expressed in ¢.¢. sepa Wein y expressed in ¢.¢. 
per litre, at N.T.P. per litre, at N.T.P. 
First day (24 hours) after com- 57°5 Sixth day - - 2 - 6:0 
mencement. Seventh day = 3 5S 6:2 
Second day —- - - - 8°5 Eighth day  - - Z 6:2 
Third day - - - - 48 Ninth day — - - - J Ou 
Fourth day - - - - 58 Tenth day-.«-, =- “ 0-0 
Fifth day - - . 5-0 





The sample at the commencement of the experiment contained black ferrous sulphide. 
in suspension, At the end of 24 hours the black colour had entirely disappeared, so 
that it may be taken that most, if not all, of the sulphides present had been oxidised by 
this time, when 57°5 c.c. oxygen per litre had been absorbed. During the next’8 days the 
indirectly oxidisable substances suffered fermentation, as shown in the above table. 
The total volume of oxygen. which they absorbed.in. that. time-was. 462 c.c. per litre. 
Thus the easily oxidisable substances. absorbed more oxygen in one day than did the 
indirectly oxidisable substances in the same polluted water in 8 days. 


River Lirrey. 


We have already summarised some experiments with samples of the Estuary waters 


of the Liffey, Table 30, p.77. The samples were collected at points where they were polluted 
by the sewage discharged from the Rathmines and Pembroke Main Drainage Outfall, a sewage 
which, as already explained, contains practically no products of putrefaction, owing to 
the large quantities of nitrates and nitrites which it contains. It consequently 
only affects the aeration of the tidal waters through the fermentative substances it con- 
tains, and through its own state of more or less complete de-aeration. 
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We now have to consider some investigations which have been made of the waters 
of the tidal portion of the River Liffey... This portion of the river is only about. 24 miles 
long and less than 200 yards wide. The greater portion of the Dublin sewage is discharged 
in a crude state along the upper reach of this part of the river. The solid matters of the sew- 
age are deposited along its bed, which is in consequence in an exceedingly foul condition, 
masses of black mud frequently rising from it to the surface of the water. Ferrous 
sulphide and other products of putrefaction are in this way disseminated through the 

water in a finely divided state. The dissolved oxygen of the clean tidal water is thus 
liable to be taken up in all three different ways already enumerated. 


_ The influence of the foul condition of the river bed on the aeration of the tidal waters 
is at once seen on comparing the results in the succeeding table with those from the Estuary 
samples just referred to. 


It is evident from the quantities of free ammonia recorded in the table that the 
proportion of liquid sewage matters in the tidal portions of the river can seldom exceed 
5 per cent., and must be frequently less. The percentage is less, in fact, than in some of 
the samples collected from the Estuary, see Table 30, and yet the aeration is also very 
distinctly less. It is therefore reasonable to assume that the greater consumption of dis- 
solved oxygen in the river samples must have been caused by the presence in them of the 
easily oxidisable products of putrefaction already referred to. oar 


TABLE 36.—Analyses showing the state of Aeration of the Waters of the Tidal Portion of the River Liffey, 
which receives the whole of the Dublin Sewage in the crude condition. The solid matters of the 
Sewage are deposited along the bed of this portion of the River, and it is consequently always in a 
very foul state. The Oxygen absorbed from its tidal waters is therefore taken up not only by Aerobic 
Fermentative Changes, but. also by the de-aerated River water, and by de-oxygenated products of 
anaerobic fermentation, ¢.g., sulphides and reduced organic substances. Gaseous constituents 
expressed in c.c. at O°C., and 760 mm. bar., per 1,000 volumes, and other constituents in parts by 
weight per 100,000 volumes of water (Adeney). 









































: Bs 
= 5 a = 
: Temy) When | State of : Time |Carbon| & Sp 5 S I 
Pat paerlee. °0. Jeollected| tide. |“ "4-|xept.*|dioxidel & | & | BE] S 
oO 7, Ba Oo 
Z 
1 | July 12| Surface samplet | 17-5 | 10.7 a.m, thr. ebb.| E.S.E.} 5 hrs} 53-75 | 3°04 | 11:50 | 0-063 | 1593 
2|,,  , |30f. belowsurfacel17-9| ,, _,, 4 » | 6 yy | 47°56 | 3°65 | 10-83 | 0:026 | 1902 
3 |,,  14|Surfacesamplet || 16-4 | 1.25 p.m 1#hr.ebb) S.E. |20 ,, | 47°72 | 3°02 | 11°78 | 0-018 | 1672 
4],  ,,{28ft.belowsurfacel158] ,, _,, : , (2h 5, | 43°76 | 4:68 | 11:57 | 0-02 | 1866 
5 |,, ~ ,,| Surface sample a 
little lower down 
river - - -|16°3 | 1.37 p.m 2hrs. ebb} S.E. | 22 ,, | 51°64] 3°16 | 11°58 | 0028 | 1705 
6.| ,,-- ,, | Surface,off mouth 
‘of River Dodder -| 17:2 | 3.20 p.m] 32,,__,, » 124 ,, | 66°67 | 0:26 | 12°77 | 0-172 | 1048 
Tol tees, Do bottom sample] 16°0 foGy bys Liles, <2 pe eD ly Darko bh 1:65,") 104 1-0:025 PebaT5 
8 |,, 20)Surfacesamplet | 17-0 |10.20 a.mj L. water} E. 5 .,, | 48°29 | 0°12.) 12°35 | 0:095 | 1043 
D4; ,, | 114 ft. below sur- 
fe IGT ss Lass » | 6 4 | 46-07 | 363 | 19-12 | 0-021 | 1792 
10|,, 21|Abreast Rings- 
end{ - Rr iy-o WoO yy Eewatery'"S: 3.5, | 48°33 7° 0°95 ‘| 12°33 | 0:092 | “993 
11 | 5,» | Ditto, 212 ft. be- 
low surface- -| 16:0 aT ps reetih lh fas BS, 4 ,, | 40°22 | 4°05 | 11°48 | 0°015.} 1824 
12.|-,, .26|Surfacesampley | 16-6 |10.45 a.m/thr.ebb| N.E. | 3_,, | 60°53 | 2°36 | 12-46 | 0-06 1262 
13 | ,, ~ > |80ftbelow surface} 15-8 | ,, 5, | 45 o» 2 4 ,, | 47°85 | 4°47 | 11°59 | 0-023 | 1813 
14 | Nov. 7| Non-tidal water, 
just above Weir 
at Island Bridge-| 11:0 |11.0a.m| — -|,-— DR e Li Ora LOtoG.) OO) 14 





Nortes.—July 12. The surface of the river water was much discoloured.. The wind was fresh. All the samples 
collected contained small quantities of finely divided solid matters in suspension. 
» 14. River water much discoloured. Strong breeze. All the samples contained slight quantities of 
finely divided solids in suspension. 
5 .20. Much rain previous day and night, river water much discoloured. 
» 21. River water less discoloured. Fairly strong wind. 
» 26. River water much discoloured. Wind strong, weather damp. 
At the time the above samples were. collected, the bed of this portion of the river was.exceedingly foul, patches 
of black mud frequently rising from it to the surface of the water. The river water was not offensive, owing to its 
admixture with clean tidal water. > 


*The bottles in which the samples were collected were completely filled, and carefully stoppered, so as to leave no 
air in them. The time each sample was kept is given in this column. 

+ These samples were collected at a point in the river abreast of Martin’s Ferry Steps. 

+ These samples were collected in the higher reach of the Estuary of the river. 
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RivER THAMES. 


The results of analysis of a number of samples which were collected from the surface 
and bottom waters of the Thames during our inspection of that river in August 1904, 
are given in the succeeding table. We were indebted to the kindness of Dr. McGowan 
for allowing us the use of his laboratory for making some of the analytical determinations. 
Our acknowledgments are also due to Mr. R. B. Floris, F.1.C., for his kind assistance 
in making some of these determinations. 


TABLE 37.—Analyses showing the State of Aeration of the Surface and Bottom Waters of the Tidal Portions 
of the River Thames, August 24th and 26th, 1904. Gaseous constituents expressed in ¢.c. at O°C, and 760 
mm. bar., per 1,000 volumes, and other constituents in parts by weight per 100,000 volumes of water. 





24 hours later, the samples 
‘ having been kept out of 
At time of collection. contact with air. 





Nitrogen as— 
No.| Date. | Particulars of Samples. | State of Tide. mig 




















a ls | Ba] 2s ie ene 
1904. B.| Bo |S & ) a eee 
"| 8. Ad | 6Se) Saami 
1 | Aug. 24 | Abreast of Becton Gas 
Works, surface sample | High water* | 17-4 | 800] 144] 1:20 |-23 _ a 
2 5 Ditto, bottom sample - | _,, Bs 16°63) S30) pee LOO aca 085 | :013 
3 if 200 yards below Cross- j 
ness, surface sample | _,, - 17-4 | 984 | 1-4 1:06 |:095 — ‘008 
4 5 Ditto, bottom sample - | ,, e 166 10607 = 1:10 =| 08 — | trace 
5 ie Abreast Purfleet, sur- 
face - >  -|14 brs.ebb =| 1464/4100) | 51:55 023 ee — | trace 
6 “3 Ditto, bottom - mae pe 16°6. | 1916 |= i 028 19 0-2 
if x At Grays, surface - 19 hrs. ebb. =| 1t-47)e1 16a eetco 1:50 | -014 = EO 
8 ,» | Ditto, bottom - -| , : 16-4] 1210} — | 965 |*018 7) -83 4) 00m 
? » | At Mucking, surface - | 34 hrs. ebb -| 17-4 | 1486 | 3°5 34 ‘005 — |. 00 
10 3 Ditto, bottom - se a Ps 16°2 | 1550 | .— 44 002 — 0-0 
11 xs Chapman, surface -| 42d hrs. ,, 17°2 | 1638 | 4:4 4:5 004 — 0-0 
12 » | Ditto, bottom’ -  . fey 4 16:3 | 1644} — | 455 |-006 | 08 | 0-0 
13 | Aug. 26 | Chapman, surface - | High Watert| 17:2 | 1796 | 5:2 538i | 013 039 | 00 
14 5 Ditto, bottom = - = okey Be 17-4 | 1940 | — 5:04t | 007 003 | 0:0 
15 is Off Cliffe in the Lower - 
Hope, surface - | 2 hrs. ebb -| Ui-4-1.16008" 42515 4-06t | -012 092 | 0-0 
16 Me Off Grays, surface - 18 brs. ebb'e-| 42 S22 1On es oy 1-60: 7OR Ra eae 00 
pi * Above Purfleet, surface | 4 hrs. ebb -| 17°6 | 940 | 0:87 aon ‘12 2 014 
18 és Half-mile below Cross- 
ness, surface - - | 42 hrs. ebb-| 175 | 700} 065] O-1 "289 038 | trace 
19 55 N. Woolwich, surface - | 5 hrs. ebb -| 17:2 | 430 | 0°40 0:04 | °300 ‘14 hie 10 





Portions of samples 18 and 19 were diluted each with 4 times its volume of distilled water, aerated and 
examined as follows :— 


Dissolved Gases. Nitrogen as— 









































© 
a 
=) Carbon By . | Nitrates & f 
3 Dioxide. | Oxygen. | Nitrogen. | Ammonia. | Visitas Organic. 
18 | When freshly prepared - 16°47 6°31 12°87 2 ae 
» | After keeping 12 days out of 

contact with the air-  -| 20-89 1:89 12:83 012 eo 
19 | When freshly prepared - 16°57 6°39 12°93 a al 
» | After keeping 12 days out of 

contact with the air - - 19-90 3°15 12-93 065 "020 048 





Note.—All the sam 
of carbonates, 
High water at Crossness. + High water at Chapman. t These determinations were made by the 


Eudiometric method, all the unmarked ones were kindl de f . i } inkler’ 
method as modified by Rideal and Stewart. Memes Ae tc ms nine Gbacagpines nS 


ples contained more or less large quantities of suspended matters, and these contained traces 
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It appears from the ammonia determinations that the quantity of sewage in the 
most polluted samples did not exceed 10 per cent. The air saturation value of the 
tidal water at the temperatures recorded would be about 6°3 c.c. oxygen per litre, 
assuming the waters to be composed of equal proportions of fresh and salt waters. This 
value would be reduced to 5°1 ¢.c.,if the tidal waters had been mixed with 10 per cent. 
of de-aerated sewage, on the assumption that the latter did not contain appreciable 
quantities of easily oxidisable substances. 


On reference to the determinations of the dissolved oxygen given in the table, it 
will be found that they are much lower than this figure. It might be urged that the cause 
of this was the absorption of oxygen by the aerobic fermentation of the sewage matters. 
No doubt the reduction of the aeration is partly to be referred to this, but apparently not 
wholly, since the actual rate of absorption of oxygen from all causes at the time of 
collection is shown by the results to have been very slow, not more than 0°5 c.c. oxygen 
per litre, with one exception, when it was 0°8 c.c., per twenty-four hours. 


Some other cause or causes must, therefore, have existed for the excessive absorption 
of oxygen, just as we have already pointed out was found to exist in the tidal portions 
of the River Liffey. It is difficult to see any other explanation for it than that already 
given, viz., the presence of easily oxidizable substances, possibly products of putrefaction 
among the suspended matters in the water, originating from sewage solids deposited from 
time to time along the bed of the river.* 


PART XII: 


STANDARDS FOR TIDAL WATERS BASED ON AERATION. 


Since tidal waters cannot be used for potable purposes, it is only necessary to adjust 
standards of impurity for sewage matters, to be discharged into them, for the protection 
of fish life. If this be done the interest of public health will also be safeguarded. Tidal 
waters which do not present unhealthy conditions to fish would certainly not be a danger 
to public health, except perhaps in special cases, in which the sewage might be conveyed 
to bathing localities, or to shell fish layings. Such cases, however, involve bacteriological 
investigation as well as chemical, and are, therefore, beyond the scope of this Report. 
It is sufficient here to remark in reference to them, that it obviously is a matter of common 
prudence that bathing sites should not be chosen at any place likely to be affected by 
sewage discharged from an existing and adjacent outfall; and that outfall should not 
be permitted in dangerous proximity to an existing bathing locality or to a shell fish 


laying. 


The investigations which have been made upon the effect of sewage matters on fish 
(pisces), have been summarised in another section of this Report.+ From them it will be seen 
that the more important ways in which sewage may injure fish are as follows :— 


(1) They may carry with them substances which are directly poisonous to fish. 


(2) They may be the indirect cause of the death of fish, by de-aerating the 
water into which they are discharged, and causing asphyxia. 
Solid matters may cause injury to fish by— 


(a) Fouling the bed of the river or estuary, when they will render it unsuitable 
for spawning, and will also undergo fermentation and give rise to the formation 
of poisonous and of de-aerating products of putrefaction. 


(6) Causing mechanical injuries to them, or by clogging their gills. 





* See also Section on the River Humber, p. 325. 
+ Pollution of Water in Relation to its Effects on Fish (Pisces), p. 201. 
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It does not appear that liquid sewage matters, when free from directly poisonous 
substances, exercise any injurious effect on fish, if present in comparatively small 
quantities only. j 


The effects of poisonous chemicals on fish, so far as they have been studied will be 
found tabulated in the section referred to, p. 217. 


Obviously the reasonable precaution to be adopted by sanitary authorities against 
the danger of such substances is to prevent their admixture with sewage in quantities 
sufficient to cause injury to fish; or to require that the sewage shall be treated so as to 
prevent their discharge in a crude or dangerous condition into tidal water. 


Sewage in a highly putrefactive condition should also, as far as possible not be allowed 
to be discharged into tidal waters. 


The discussion of the question of standards which we now propose to take up, will 
be subject to the exclusion from sewage of directly poisonous matters of all kinds. 


As regards the solid matters of sewage, we have been forced to the conclusion from 
the observations which we\made during our inspection and investigation of the more 
important estuaries round the English coast in August, 1904, and from our general ex- 
perience, that sewage solid matters should not be discharged into tidal waters except 
when strong tidal currents are available by which they may be mechanically broken up 
and carried away, and so widely distributed in open water that they cannot possibly form 
permanent accumulations: anywhere. 


. As regards liquid sewage matters, there appears to be a practical unanimity of opinion 
amongst local authorities, that they do not, when free from poisonous chemicals and 
from the products of putrefaction, constitute a danger to fish, unless present in sufficiently 
large proportions seriously to reduce the aeration of the waters with which they become 
mixed. | 


All the evidence which we have been able to gather goes to show that the prevention 
‘of undue de-aeration in all cases of pollution of tidal waters by sewage matters, must 
form the primary object to be aimed at in the formulation of standards. If this be done, 
not only will fish life be safeguarded, but all possibility of fouling the waters or the fore- 
shores and beds of tidal rivers or of sea borders will also be avoided. 


It. may be desirable and indeed. necessary sometimes to secure other objects in 
formulating standards for certain special cases. For instance, the prevention. of the 
growth of undesirable seaweeds, such as the Ulva Latissima* in localities which present 
otherwise favourable topographical conditions for their establishment ; or the prevention 
of discolouration of tidal waters by sewage matters in the neighbourhood of health resorts. 
These, however, must be regarded as special cases, and must be met by special local 


regulations; but even with these, the prevention of, undue de-aeration must form the 
first consideration. 


From our discussion of the question of the maximum rate of absorption of dissolved 
oxygen.in tidal waters, we have ascertained as definitely as our present knowledge permits, 
the hmits of de-aeration which can be allowed under calm weather conditions in each of 
the three great classes into which, as we have pointed out, tidal waters may be roughly 
divided for the purpose. The difficulty is so to base standards upon them, that the waters 
may be adequately protected from any form of over-pollution, and that at the same 





* See Section of this Report on “ Indirect Nuisances eaused by Green Sea-weeds.” 
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time the loca] ‘authorities may avail themselves to the full extent of all the facilities 
which the tidal waters of their district offer for the disposal of sewage. 


Before attempting the formulation of standards, it seems desirable to adopt some 
common, understanding in reference to the position of outfall sewers. They should 
certainly be required to be fixed as far as practically possible in such positions that full 
advantage may be taken of any natural conditions favourable for the transport of sewage, 
arising from the strength and direction of tidal currents. No outfall sewer, for instance, 


should be allowed:to discharge on the foreshore which is stripped at every tide, nor into 
slac’x water. 


Some instances of the advantages which have followed correction as regards mistaken 
positions of outfall sewers will be found noted in the Appendix to this Report, in which are 
given the replies toa series of questions which were addressed to the Medical Officers of 
Health of certain towns situated upon tidal waters. For example, Plymouth, where a 
main intercepting sewer has been laid by which the sewage is discharged on the ebb tide 
in deep water, and where formerly it was discharged at different points inshore and 
a nuisance was created. At Newport (Mon.) a nuisance was caused from one of the out- 
falls discharging into slack water. The outfall has been taken out into the river where 
it delivers into the strong current there, and good results have followed. 


Having given a suitable position for the outfall sewers, so far as practically obtain- 
able, the question arises how best to state in the form of a standard the amount of pollu- 
tion which the tidal water can. bear. 


We can of course only suggest in the broadest outline a standard for each of the three 
classes of tidal waters, referred to in Part XI, p. 67. 


It appears to us on careful reflection that a good practical method for estimating the 
capacity of a given tidal water to deal with a given sewage would be to determine as nearly 
as possible the extent to which the water would dilute the sewage or sewage effluent 
discharged into it at a given distance from the outfall under calm weather conditions, 
and at a given state of the ebb or flood tide. 


In the case of an existing outfall, this does not present any great difficulty. A practical 
example is afforded by the analyses by one of the authors (Adeney), which are given in 
the appended table 38. Samples of the surface and bottom waters were collected from. 
the lower portion of the estuary of the Liffey, at points vertically over the Rathmines 
and Pembroke Townships Main Drainage Outfall, and along the path taken by the sewage, 
in calm weather, and during the fifth hour of an ebbing neap tide, when the strength of the: 
tidal current is at about its minimum. 


The analyses clearly show that the sewage after discharge in calm weather rises 
to the surface of the tidal waters flowing over the outfall, and in doing so becomes diluted 
with about an equal volume of tidal water, and that this mixture is borne away on the 
surface of the tidal waters, mixing with them very slowly, even in the vertical direction. 
Thus at a distance of 10 yards from the outfall the dilution is just four times greater than 
over the outfall, at 50 yards distance the dilution is practically identical, and at 100 
yards distance, it is only very slightly greater, the original sewage matters having become 
mixed by the time they reached this point with just about nine times their volume of tidal 
water. Ata distance of 800 yards from the outfall, they had become mixed with just 
nineteen times their volume of tidal water. Ample evidence will be found in our Section 
on the River Liffey to show that this state of things generally obtains in calm weather, 
and in the absence of strong eddy currents. 


It is quite evident from the quantities given in the table for the dissolved oxygen 
found in the samples after keeping them out of contact with the air for several days, that 
the tidal waters could have disposed of much larger volumes of the sewage without danger 
to their aeration. 
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TABLE 38.—Analyses of Samples of Surface and Bottom Waters collected from the Estuary of the River 
Liffey, showing that Sewage after Discharge from a Submerged Outfall Sewer rises to the surface of 
the Tidal Waters and very slowly mixes with them in calm weather. (High-water at 4.55 a.m. 
Weather very dry and calm; no rain for the previous seven days, with light E. and N.E. 


winds, ‘Temperature of water at surface, 8°C.) (Adeney).* — 





Gaseous constituents ‘ 
expressed as volumes at | Other constituents as parts by weight 
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The capacity of tidal waters to dispose of the sewage matters discharged into them 
must obviously be defined for a given state of tide ; the distance from the outfall at which 
the test samples are to be collected must also be defined. ) 


These two questions can only definitely be settled by careful investigation both in the 
laboratory and on the open water for typical localities. From our own experience we 
believe that the distance from the outfall might be fixed at about 200 yards ; and that the 
state of tide selected, should vary according to whether the sewage is, or is to be, discharged 
on the ebb tide only, or at all states of the tide or during any portion of the flood tide 
as well as the ebb. Under the former condition the selected state of the tide might be that 
occurring at the fourth hour of the ebb, but under the latter condition, it would be safer, 
we think, to take it at low water. 





* “Studies in Chemical Analysis of Fresh and Salt Waters,” Scientific Proceedings of the Royal Dublin Society, 
1900, p. S86; (> tov ete : 

+The figures in this column have been calculated on the basis that the volume of oxygen required for saturation 
was equal to half the volume of nitrogen in them. j 

+The Rathmines and Pembroke Outfall Works.—Sample 2 was collected perpendicularly over the Outfall 
when it was covered by about 2 feet of water. 
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In those cases in which an outfall does not exist, but a position for one has been 
selected, the diluting power of the tidal waters may be roughly gauged by discharging 
into them a strong solution of eosin or of other suitable colouring matter near the selected 
position, in calm weather, and collecting samples along the path taken by them. The 
degree of dilution of the colouring matters in these samples could be approximately 
estimated by comparing them with known dilutions of some of the solution originally 
employed. 


Subject to the foregoing considerations, we may formulate standards for each of the 
three classes of tidal waters as follows :— 


Standard for Class 1, which may include tidal waters the currents of which are 
strong enough to transport all sewage matters, including suspended solids, from the 
neighbourhood of the outfall, and so widely to distribute them through large volumes of 
sea water as to render them practically innocuous before change of tide. 


Tidal currents which ebb with sufficient strength to carry all sewage matters discharged 
into them, both solid and liquid, and widely to distribute them in open water before 
change of tide, will also under most circumstances be in sufficient bulk to dilute them 
to such an extent as quickly to render them practically innocuous. We have an example 
of this in the successful disposal of the sewage matters of Portsmouth. These are stored 
in tanks of 44 million gallons capacity, and are thence discharged into the Langstone 
Channel during the second hour of the ebb tide, and are carried away by the tidal currents 
into the English Channel. 


It does not seem necessary to formulate a standard for such favourably situated 
tidal waters. 


There are localities, however, e.g., Newport (Mon.), where crude sewage is discharged 
into narrow tidal ways at all states of the tide, and are, moreover, satisfactorily disposed 
of by the tidalscour. But from our inspection of the River Usk at Newport in August, 1904, 
we formed the opinion that it would not be safe largely to increase the volumes of sewage 
then being discharged into the river in the crude state. It seems to us, therefore, that a 
limit should be placed upon the quantity of crude sewage which may be discharged 
into tidal ways more or less favourably situated for their adequate disposal. 


The standard to meet these cases should be formulated in accordance with the above 
considerations thus :— 


The aeration of a sample of mixed sewage and tidal water collected at low water 
(average tide) in calm dry weather at any point 200 yards from the outfall, or of a sample 
of the sewage when mixed with tidal water in the proportion of the ascertained 
dilutmg power of the latter at the given distance when such mixture is kept out of 
contact with the air for 124 hours at 18°C., shall not fall below 2°8 c.c. oxygen per 
litre.* 


Standards for Class 2, which may include tidal waters, the ebb currents of which 
can transport liquid sewage matters, and widely distribute them in open water.* 


Liquid sewage matters, when the solid matters have been previously separated 
from them, may be discharged into this class of tidal water either (a) on the ebb tide only, 
or (6) at all states of the tide or during some portion of the flood tide as well as of the 


ebb. 


(a). Discharge on the Ebb Tide only. 


The standard may be formulated thus—the aeration of a sample of mixed sewage and 
tidal water collected at the commencement of the fourth hour of the ebb of an average 
tide in calm dry weather at any point 200 yards from the outfall, or of a sample of the 
sewage when mixed with tidal water in proportion of the ascertained diluting power of 
the latter any point, at the given distance, when either is kept out of contact with the 
air for 6 hours at 18°C., shall not be less than 3:1 ¢.c. oxygen per litre. 





* See Appendix by Dr. Fowler, p. 555. 
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(b). Discharge at all States of the Tide. 
The standard may be formulated similarly to the one above given for Class 1. 


Standard for Class 3, which includes all other tidal waters not so favourably circum- 
stanced. 


Liquid sewage matters may also be discharged either (a) on the ebb tide only, or 
(b) at all states of the tide, or during some portion of the flood tide as well as of the ebb. 


(a). Discharge on the Ebb Tide only. 


The standard may be formulated thus—the aeration of a sample of mixed sewage and 
tidal water collected at the commencement of the fourth hour of the ebb of an average 
tide ir calm drv weather at any point 200 yards from the outfall, or of a sample of the 
sewage when mixed with tidal water in proportion of the ascertained diluting power of 
the latter at the given distance when either is kept out of contact with theair for 48 hours 
at 18°C., shall not be less than 0°85 c.c. oxygen per litre, and the subsequent rate of 
absorption shall not exceed 0°055 c.c. oxygen per litre, per hour. 


(b). Duscharge at all States of the Tide. 


The standard should be formulated similarly to the preceding one, except that the 
test sample should be collected at low water of an average tide. 


Standards Required to meet Special Cases. 


As already pointed out, the above standards would not form adequate protection 
against the growth of undesirable sea weeds, such as ulva latissima, which rapidly develope 
and spread in the presence of sewage matters, where the topographical conditions are 
also favourable. The conditions which conduce to the growth of these weeds have been 
made the subject of careful investigation by one of the authors (Letts), and it has been 
shown by him that it is the inorganic nitrogen constituents of sewage or of sewage effluents 
which encourages their growth. Hence, to avoid setting up favourable conditions, the 
sewage must be specially purified with the object of getting rid of its nitrogen compounds 
as far as possible. The results of this investigation has been summarised in another 
Section of this Report, entitled ‘‘ Indirect Nuisances caused by Green Sea-weeds.”’ 


The above standards could not also be regarded as a sufficient protection from dis- 
colouration of the waters of health resorts. Crude sewage or sewage which has only been 
screened and settled, even in very small proportions, exerts a very decided discolouring 
effect in the waters into which they are discharged. Hence, only good sewage effluents 
ee beds or from land treatment should be allowed to be discharged in their neigh- 

ourhood. 


PARE XTi 
THe AERATION Mretuop or ANALYSIS. | 


The method which has been employed for studying the chemical changes which 
have been described in the earlier parts of this Section, may also be employed for the exact 


analysis of polluted waters, and it has been termed the Aeration Method, to distinguish 
it from other methods of water analysis. 


The principles underlying the method, and the results obtainable by it, have already 
been amply indicated, and it is only necessary here to give some practical details of its 
working and descriptions of the special apparatus required for it. 


The provision of a sufficient store of oxygen for the complete fermentation may be 
effected, as already indicated, in two different ways, the selection of one or other depending 


upon the strength of the polluted water, and the nature of the information required con- 
cerning It, 
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(1.) The sample may be diluted with good tap or sea water, in sufficient pro- 
portion to ensure that the dissolved oxygen in the latter shall be in excess of that 
required for the fermentation of the polluting matters. 


(2.) A known volume of the polluted water may be enclosed in a suitable bottle 
or flask, with a known and sufficient volume of air. 


When providing for the required supply of oxygen by dilution, the sample may be 
mixed with tap or sea water in the proportion of 1 to 10 per cent., according to the strength 
of the polluted water. Portions of the mixture, about 1,000 ce. each, are transferred 
into well-stoppered bottles, and these, after being completely filled and securely closed, 
are immersed neck downwards in distilled water, and kept out of contact with air for the 
required length of time. At the same time the dissolved gases and ammonia and nitric 
and nitrous nitrogen, if present, are determined in another portion of the mixture. 


When provision for a sufficient supply of oxygen is made by enclosing a portion of the 
sample with air in a flask or bottle, convenient volumes of the former will be found to be 
from 200 cc. to 900 cc., according to its strength, with from 800 cc. to 100 cc., of the 
latter, or the volumes may be in these proportions, respectively, if it be desired to employ 
larger quantities. 7 


When air is left in the fermentation flask, Fig. 3, to provide a supply of oxygen, 
its volume can, at any time, be easily and accurately determined in the following 
way :-— — 

The flask is immersed in a water bath, kept at a constant temperature. It is 
connected by means of a capillary rubber tube with one of the branch tubes of the 
gas burette of the gas apparatus shown in Fig. 7 and to be subsequently described, 
and a portion of the gas in it is drawn into the burette, the water jacket of which 
is kept at the same temperature as the water bath in which the fermentation flask 
is immersed. While the stopcocks are still open, the volume of the gas in the burette 
is noted, and also the temperature and pressure. The mercury reservoir of the 
burette is then lowered to draw more gas into the burette, and the volume in the 
latter is again noted, together with the pressure and temperature. The data thus 
obtained afford the means of calculating the volume of the gases in the fermentation 
flask. Thus :— 

Let x = the volume of the gases in the fermentation flask at the temper- 
ature of the water bath. 
= the volume of gases first observed in the burette. 
Then x + a = the total volume of gas in the flask, connecting tube and burette 
at pressure p. 
Let b = the volume of gas next observed in the burette, 
Then x + b = total volume of gases in flask, connecting tube and burette at 
pressure p’. 


Then 





Echo 
x+b =p 

The total mass of the gas in the flask is therefore known, since it is equivalent to 
a known volume x + a at a known pressure, p, and temperature, t. The volume of 
the gas at O°C., and 76 mm., bar., can be calculated in the ordinary way. 


The necessary connection between the fermentation flask and gas burette can be 
made air-free without difficulty, by filling the branch tube of the burette and the 
attached rubber tube with mercury, and closing the latter by a screw clip fixed about 
14 inch above its free end. When this free end is required to be attached to the flask, 
it is filled with mercury or water ; the rubber can then be passed over the glass tube 
in a manner to exclude every trace of air. 


It need scarcely be pointed out that the analysis of the gases contained in the 
atmosphere of the fermentation flask can easily be effected by drawing a small portion 
into the gas burette and, after measuring them, submitting them successively to the 
action of potash, and of potash and pyro-gallic acid, in the ordinary way, to determine 
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the carbon dioxide and oxygen directly, and the nitrogen indirectly, by difference. It 
will be found convenient to employ gas absorption pipettes, of the simple form used 
by Stead in his gas-analysis apparatus for the purpose, They can, without difficulty, 
be successively attached to the gas burette by means of a capillary rubber tube. 


SprorAL APPARATUS REQUIRED FOR THE AERATION METHOD, 
1. The Collection of Samples. 


For collecting samples a strong glass bottle of the capacity of about three litres is 
employed. It is fitted with an indiarubber cork through which two glass tubes are 
fitted, as shown in Figure 1. When samples from below the surface of the water are re- 
quired, the bottle is firmly attached to a sounding chain, which is provided with a suffi- 
ciently heavy sinker, and rapidly dropped to the bottom of the water, or to the required 
depth below its surface. When full it is drawn up, and an indiarubber tube is attached 
to each of the outer ends of the glass tubes fitted to the cork. By their means the water 
from the collecting bottle can be syphoned out into a smaller one, about 1,000 c.c. 
capacity. If this latter bottle be completely filled, and the water be allowed to overflow 
a little, it may be filled with water which has not come in contact with the air to an extent 
sufficient appreciably to affect its aeration. The bottle is closed by means of an india- 
rubber cork, which is fitted with a capillary glass tube long enough, when in position, 
to reach nearly to the bottom of the bottle. To the outer end of this tube is attached a 
short length of thin walled indiarubber tubing, which is plugged by a piece of solid glass 
rod and thereby closed, as shown in Figure 2. With a little care on putting the tube and 
cork into the mouth of the bottle, in the act of closing it, the water can be made to rise 
up through the capillary tube to the indiarubber tube, and completely to fill it; the tube is 
then gently compressed and closed by the glass rod stopper. The tube can then act as a 
valve, and allows of slight contractions or expansions of the contents of the bottle, with 
alteration of their temperature. 


By the simple means here described, satisfactory samples may be collected from a 
tidal water, and transferred to suitable bottles for preserving them out of contact with 
the air during conveyance to the laboratory. 


2. The Fermentation of Samples. 


Ordinary bottles, about 800 cc. capacity, with well-ground stoppers, will be found 
suitable for preserving the samples out of contact with the air, during fermentation, when 
the dilution method is employed. The bottles are completely filled with the sample, 
and kept neck downwards immersed in distilled water, which is contained in sufficiently 
large glass jars. These latter are covered with glass plates to prevent the evaporation 
of the water, and to protect it from the dust. 


When air has to be enclosed with a sample of water, a flask of the form shown in Figure 
3is convenient. It is similar in construction to Chancel’s flask for taking the specific 
gravities of gases. It consists of a flask, the neck of which is ground and fitted with a 
hollow glass stopper. A side tubule, 1 mm. bore, is fused on the outside of the neck, and 
hole is bored through the side of the stopper to correspond with it. In one position of 
the stopper, the outer tubule may be placed in direct communication with the interior 
of the flask. The outer end of the stopper is continued into a glass capillary tube 
furnished with a stopcock ; this tube is continued on the inside of the stopper by a tube 
4mm. bore, which reaches nearly to the bottom of the flask, when the stopper is in 
position. With this form of flask, the gases in the air space, at the conclusion of the 
experiment, may easily be measured as already described, and a portion transferred to 
the special gas analysis apparatus, which we shall next describe, for analysis. The water 


may then be transferred to the same apparatus, and the dissolved gases in it boiled out in 
vacuo, and analysed. 


Instead of these flasks, ordinary bottles closed with rubber corks fitted with capillary 
glass inlet and outlet tubes, will do. The rubber corks have been found by experience 
to exert no appreciable effect upon the fermentation of the water. The exterior ends of 
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these capillary tubes are closed by means of short pieces of capillary rubber tubing 
plugged with pieces of solid glassrod. The rubber corks and tubing should be coated with 
an alcoholic solution of shellac to prevent diffusion through them. 


3. Adeney’s Apparatus for the Extraction and Analysis of the Gases dissolved in Water. 


This apparatus consists of a gas burette enclosed in a glass cylinder, a pressure tube, 
a laboratory vessel, and a laboratory flask with an intermediate condenser. The first three 
are shown in Figures 4, 5, and 6, respectively. The way in which they are fitted together 
and supported will be understood from Figure 7.* 


The upper end of the burette is closed by a Friedrich’s two-way stopcock, by means 
of which communication can be opened or closed between it and the laboratory vessel 
or laboratory flask, through the two branches which spring from the upper side of the 
stopcock. The branch to the laboratory vessel is a capillary tube, and that to the flask 
is of wider bore, 2 or 3 mm. 


The lower portion of the burette is contracted and passes through a hole cut in the 
centre of the rubber bung, which closes the lower end of the glass cylinder surrounding 
the burette. It is then bent at right angles and connected by rubber tubing with the 
similarly bent end of the pressure tube. 


The upper contracted portion of the burette is about 225 m.m. long, and has a capacity 
of 15 cc.; the wider portion is about 410 mm. long, with a capacity of a little more than 
250 cc. Both portions are graduated, the former in +4 cc., and the latter at intervals of 
25 ce. 


The pressure tube has a working length of 1,000 mm. above the level of the lowest 
division of the burette. Its upper end is also closed by a Friedrich’s stopcock. 


The supply of mercury to the burette and pressure tube is regulated by means of a 
reservoir which can be moved vertically up and down at the back of the apparatus by a 
catgut line passing over the necessary pulleys to a windlass in front of the apparatus as 
shown in the drawing. The flexible tube from the reservoir is attached to a side branch 
fused to the lower portion of the pressure tube. 


The height of the mercury in the pressure tube is read by means of a millimetre scale 
etched on the unsilvered surface of a narrow slip of looking-glass that is fixed at the back 
of, and close to, the pressure tube, at an angle to reflect the image of the tube through 
the portion of the glass bearing the sacle. 


The laboratory vessel differs in principle and shape from that used in Frankland’s 
and Macleod’s apparatus. Its shape is indicated in the drawing, Figure 6. The lower 
contracted portion is 25mm. diameter and 55 mm. long; it is furnished with a branch 
tube for connecting the vessel with a second mercury reservoir, which can be drawn up 
and down by a catgut line and a second windlass in a similar manner to the one connected 
with the pressure tube. The middle portion is 160 mm. long, and the upper end is first 
contracted and then expanded toa funnel shape; it is 55 mm. long and the diameter in- 
creases from 3 or 4 mm. to 20mm.at the mouth. Two platinum wires are sealed in the 
sides of the vessel for explosions. 


The funnel shape of the upper portion of the laboratory vessel enables it to be easily 
connected with, or disconnected from, the branch tube of the burette. The end of this 
tube is fitted with a rubber collar, and when the vessel is placed in position the collar fits 
into the funnel and tightly closes it. The laboratory vessel is at the same time supported 
by a horseshoe-shaped bracket in the manner shown by the drawing. If the space above 
the rubber collar be filled with mercury a perfectly air-tight joint is obtained, and a vacuum 
can be maintained, or explosions may be made in it under low pressures without fear of 
loss. 








* The apparatus can be obtained from Messrs. Baird & Tatlock, London. 


100 


To disconnect the laboratory vessel, the lower end is drawn forward sufficiently 
to clear the shelf, and it is then lowered to detach it from the branch tube. By reversing 
these movements the laboratory vessel may again be placed in position. 


The lower end of the vessel is closed by a rubber cork, and in order to provide the 
means of introducing gaseous or liquid re-agents into the vessel, a glass capillary tube, 
about 100 m.m. long, is fitted through the cork; the outer end of this tube is closed by a 


piece of capillary rubber tubing and a small screw clamp. 


The method of working the apparatus is as follows :— 


The burette, pressure tube, and laboratory vessel are filled with mercury. The 
laboratory flask, which has a capacity of about 1,600 c.c., is fitted to the end of the con- 
denser as shown in the drawing, 50 c.c. of distilled water, and generally a little sulphuric 
acid, having been previously put into the flask. The water in the flask is then boiled, the 
air and steam escaping through the side tube in the neck of the flask. The boiling is 
continued for a few minutes, the burner is then removed, and at the same time the side 
tube is closed by a piece of rubber tubing and glass rod. The air still remaining in the 
flask is exhausted by working the burette and its reservoir as a Topler pump. As air is 
drawn from the laboratory flask into the burette at each down stroke of the reservoir, 
it is expelled by the up stroke into the laboratory vessel, or into the open air. After the 
flask has been completely exhausted, the laboratory vessel is disconnected from the branch 
tube, and the gases from a fermentation flask, or a known volume of the water to be 
examined, is drawn into the burette, and then allowed to flow into the flask. To 
efiect this the rubber collar is detached from the end of the branch tube, and 
the latter is connected with a piece of capillary rubber tubing. This is carefully 
filled with mercury, and its lower end is then immersed in the water for examination, 
the burette reservoir is lowered a little, the stopcock opened and the water 
then passes into the burette. By gradually lowering the reservoir, 200 c.c., or a 
less volume, may be drawn into the burette, and thence transferred to the laboratory 
flask. The laboratory vessel is replaced in position and reconnected with the branch 
tube. The water is boiled and the gases are drawn into the burette and expelled into the 
laboratory vessel for storage. After the gases have been completely extracted they are 
measured and analysed, the absorptions (and explosions when necessary), being carried 
out in the laboratory vessel. 


When the gases in the atmosphere of a fermentation bottle or flask are required 
to be measured and analysed, the transference of a portion of them presents no 
difficulty. The connection with the branch of the gas burette to the side tubule of the 
fermentation flask may be made in the manner already described. 


When, in the act of measuring the gas, the level of the mercury in the burette is being 
adjusted, the stopcock may be left open, and the adjustment be made by manipulating 
the two reservoirs. When all the gas has been transferred from the laboratory vessel 
to the burette, mercury, or more generally water—since a small quantity usually collects 
in the laboratory vessel during the operation of extracting the gases from the laboratory 
flask—rises a little in the capillary branch tube; it will be found convenient to use this as 
an index in the measurement. 


When the necessary adjustments have been made, the height of the mercury in the 
pressure tube is read. The stopcock is closed and a small quantity of a solution of 
potassium hydrate is introduced into the laboratory vessel thus :—The reservoir of the 
laboratory vessel is adjusted at a level well above that of the reagent tube, and a pipette 
containing the solution of potassium hydrate is connected to the free end of the rubber 
tube attached to the reagent tube. On unscrewing the clamp the mercury will flow 
into the pipette, and expel any small bubble of air that may have been left in the open end 
of the rubber tube after attaching the pipette to it. The clamp is screwed up again, 
and the reservoir is dropped /to a level a little below that of the reagent tube. On carefully 
opening the clamp again the mercury will flow back into the laboratory vessel, and after 
it the required amount of potash solution. The clamp is again closed and the reservoir 
raised to its former level. To effect the absorption of the carbon dioxide by the potash, 
the gas is passed into the laboratory vessel, and backwards and forwards into the burette 
three or four times. The remaining gas is measured as before at the same volume. 
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If the volume of carbon dioxide has been large, it will reduce the errors in the further 
process of the analysis, if the remaining measurements be made at a less volume. They 
should in fact be made at as small a volume as possible. The operation of absorbing 
the oxygen by means of pyrogallic acid is carried on similarly to that for absorbing the 
carbon dioxide. The remaining gas will in most cases consist of nitrogen. Its pressure 
at the volume at which the measurements for the oxygen were made is easily determined 
by deducting from the last noted pressure, the height of mercury in the pressure tube 
corresponding to the height of mercury in the burette at the graduation at which the 
measurements for the oxygen were made. It is advisable to make this for each experi- 
ment by noting the height of mercury in the pressure tube which corresponds to the height 
of the mercury in the burette, when adjusted at the same graduation mark in vacuo. 


The residual gas, after the absorption of the carbon dioxide and oxygen, may in some 
cases contain either hydrogen or marsh gas, or both. When they are suspected, the 
residual gases are transferred to the laboratory flask and the laboratory vessel, and the 
burette are very carefully washed first by means of sulphuric acid, and then by water. 
These latter are introduced into the laboratory vessel similarly to the absorption reagents. 


After the operation of washing has been completed, the liquid in the laboratory flask 
is boiled, and the gases drawn from it into the burette and stored in the laboratory vessel. 
When they have been measured, some pure oxygen is introduced into the laboratory 
vessel in the same manner as the reagent. The mixed gases are then measured and ex- 
ploded under reduced pressure, and the further operations of the analysis proceeded with 


in the ordinary way. 


A very useful lubricant for the stopcock of the gas burette, and for those of the special 
flasks employed for enclosing the samples of water during fermentation, and one which 
does not undergo fermentation, can be prepared by heating three parts of pure vaseline 
and one part of black rubber until all are thoroughly incorporated together. It was 
suggested to the author of the method by Sir W. Ramsay, K.C.B. ) 


It has been stated that in preparing the apparatus for the extraction of the dissolved 
gases in a sample of water, a little water, and generally a little sulphuric acid, is put into 
the laboratory flask at the commencement. The occasions when sulphuric acid must not 
be so added arise when nitrites are present. Distilled water only is then put into the flask, 
with the result that, when the sample of water is transferred to it, the dissolved oxygen 
and nitrogen are completely extracted, and a portion only of the carbon dioxide. These 
are transferred to the laboratory vessel, measured and analysed. The laboratory vessel 
and burette are then carefully washed in the manner above described, and a small quantity 
of freshly mixed distilled water and pure concentrated sulphuric acid is drawn into the 
burette, and thence transferred to the laboratory flask, when the remaining carbon dioxide 
can be extracted and determined. 


The time required for the extraction and analysis of the dissolved gases in a sample 
of water is about one hour, including washing out the apparatus ; when nitrites are present, 
one and a half hour will be required ; and when marsh gas and hydrogen are present, the 
time required will be about three hours. | 


A SrvpLe MopiricaTion OF THE AERATION METHOD FoR THE RAPID DETERMINATION 
OF THE RATE AND ToTAL VOLUME OF OXYGEN ABSORBED DURING THE FERMENTATION 
OF THE ORGANIC MATTERS IN POLLUTED WATERS. 


For the purposes of general analysis, the dilution method for providing a sufficient 
supply of oxygen for fermentation is quite unsuitable, owing to the very slow rate at which 
fermentation proceeds in very weak solutions of organic substances. 


To ensure as rapid a rate of fermentation as practically allowable, an excess of air 
should be provided, and the polluted water should not be diluted except when it is as 
strong as ordinary sewage, when it may be diluted with five to ten times its volume of tap 
or sea water. A good guide for deciding a suitable dilution for a sample of fresh 
sewage or tank liquor, is the quantity of free ammonia it contains. It should be diluted 
to reduce the ammonia to about 0°5 parts per 100,000. 
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When dealing with effluents from filter beds or land treatment, it is unnecessary and 
undesirable to dilute them. 


If the fermentation flask containing the sample and a sufficient supply of air can be 
put into.a mechanical shaker, and the sample be kept in gentle and constant motion, there 
appears to be, from a few experiments made by the author of the method, no need to dilute 
even the strongest sewage. 


The experiments referred to are recorded in the appended table. A sample of ex- 
ceedingly offensive septic tank liquor of quite exceptional strength was employed for 
them. Several portions of the sample were enclosed, each with a sufficient supply of air 
in a fermentation flask, and one was examined every twenty-four hours for the first four 
days, then on the eighth day, and finally on the twelfth day. After the first twenty-four 
hours all odour of offensive putrefaction had disappeared, leaving the liquid with the’ 
odour of ordinary fresh sewage ; this continued during the second and third day. On the 
eighth day all odour of sewage had disappeared ; at the same time the turbidity had nearly 
disappeared. On the twelfth day it had entirely disappeared, and nitrification had set in. 


The rate of absorption of oxygen in these experiments, and the ratio of carbon 
dioxide formed to the oxygen absorbed, durmg the carbon fermentation im the sample of 
tank. liquor, are shown by the two accompanying curves. 


TasLe 39.—Experiments showing the Rate and Duration of the Carbon Fermentation in an exceptionally 
strong Sample of Septic Tank Liquor, when kept constantly and gently shaken in contact with am 
Excess of Air, at Temperatures varying between 16 and 19°C. (Adeney). 


The following experiments were made :— 


(1). The dissolved gases, and ammonia, were first determined in a portion of the sample. 


(2). Another portion of known volume was enclosed.in a fermentation flask with a known yolume of 
air, and gently and constantly shaken for 24 hours, when both liquor and air were analysed. 


(3). Another portion was similarly enclosed and kept for 48 hours, and analysed. 
(4). Another portion similarly enclosed and kept for 72 hours. 

(5). Another portion kept for 96 hours. | 

(6). Another, portion.kept for 192 hours. 

(7). Another portion kept for'288 hours. 





Gaseous constituents expressed as volumes O°C., and 760 m.m. Bar., per 1,000 volumes of water. 
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* Expressed in parts per 100,000. 
t This volume possibly includes hydrogen and marsh gas. 


¢ °03 grm. nitrous nitrogen was found in the liquid at this. stage, showing that nitrification had already set. in. 
No nitrates nor nitrites were found in the preceding experiment. ; 
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CURVES SHOWING THE RATE oF ABSORPTION OF OXYGEN BY A SAMPLE OF SEPTIC TANK LIQUOR, WHEN KEPT IN 
CONSTANT GENTLE MOTION IN CONTACT WITH AIR, IN C.C. PER LITRE PER) HOUR, AND THE VOLUMES OF 
CARBON DIOXIDE FORMED AND OF: OXYGEN ABSORBED, DURING THE FERMENTATION OF THE ORGANIC MATTERS 


THEREIN, 










7 = ; 
sole PP ep olde ered aia spl T ire Blech Tebedods teach det teil 
Pied toh Huey dubolop bc hle lode Ped tel oh ty bileds dete olaied Let te | 
(eee ae 
i EEE CEE ec eee eae 
ai 
|_| 






ach ae ee 
4 (5 00 eS RS ene eee 
Miiei otto) ball ir foldedot betta dodo) aod LT TL er 
eeiiieb ieitiah Ltd ih GT Ty tT poet waa 
2 BU CUe aE ee ie Se ia Bez 
esto teied ke Lot) LI | aan ent ae rest cet ol Tid hero te 
Por err 


eel eee el aor ii athe ede ade kb total | 
3 a gt OR ES WS a en 


70 20 30 40 50 60 70 80 90 100 HO 120 430 190 1$0 160 170 80 189 200 210 220 23 290 250 260 270 280 290/500 S10 520-330 3340 250 Sid 






















Volumes of Oxygen in ce. per Litre. 


Ina complete analysis by the aeration method, determinations of the dissolved gases, 
of the gases in the atmosphere of the fermentation flasks, and of ammonia, and of nitrous 
and nitric acids, if present, are necessary, both before and after complete fermentation, and 
during intermediate steps, if the rate of absorption of oxygen and attendant changes 
during intermediate steps of the fermentation be required to be known, adrestih 


It is obvious, however, from the experiments just quoted that in ordinary routine 
analysis, all these determinations are not needed. For most practical purposes, it 1s only 
necessary to determine the rate and total absorption of oxygen, and the character of the 
fermentation, whether a carbon or nitrogen one. The first can be done by estimating 
the loss of oxygen in the atmosphere of the flasks, and the second by ascertaining whether 
nitrates or nitrites have been formed or not. In most cases, however, even this will be 
found unnecessary, as the completion of the carbon-oxidation stage of fermentation will 
be indicated by the cessation of the absorption of oxygen which occurs during the 
interval of rest which occurs before the commencement of the nitrogen-oxidation stage. 


Figure 8 shows the apparatus employed by the author of the aeration method for this 
purpose. 


It consists of a fermentation flask A, already described (Fig. 3), which is connected 
by a rubber tube to a second but smaller flask B. The construction of both flasks and 
method of attachment will be understood from Fig. 8. The capacity of the fermentation 
flask is about 1,000 c.c., and that of flask B about 200 to 500 c.c. The stopper of B is 
of glass, and the tube m which is fitted to it is about 4 mm. bore; the bulb 7 just below 
the stopcock 0 is about 5 c.c. capacity. A small hole is bored through the neck of the 
flask, and one corresponding to it through the stopper, in order to provide the means 
of connecting the air in the flask with the air outside, when necessary. 


The method of employing these flasks is as follows :—A known volume of the polluted 
water is placed in the flask A, together with a little magnesium hydrate to fix the carbon 
dioxide. The stopper is then inserted, so that the outer tubule ) is in communication 
with the atmosphere of the flask, and the stopcock ¢ is open. Distilled water is put 
into the flask B in such quantity that it shall, roughly, have the same proportion to 
the air-space left that the volume of the polluted water bears to the air-space in A. 
The stopper is then inserted so as to leave the hole in the neck coinciding with that in the 
stopper and the plug of the stopcock o removed. _ The two flasks are now connected by a 
capillary rubber tube p. The whole apparatus is allowed to stand for a few minutes 
until the contents of the two flasks have a similar temperature. This is noted, as also 
the barometric pressure. The stopcocks are then closed and the stoppers of the two 
flasks are turned so as to close them also. The two attached flasks are put into. a 
mechanical shaker and their contents kept gently shaken for the period of time during — 
which it is desired to observe the rate of absorption of oxygen by the polluted water. 
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While the shaking is proceeding, the gas apparatus (Fig. 7) may be prepared for the 
subsequent operations. The two branch tubes of the burette are detached from the 
condenser and laboratory vessel, which are shown in Fig. 7; to one branch is attached a 
short length of capillary rubber tubing, and to the other is attached, also by a capillary 
rubber tube, a reservoir of oxygen standing over mercury. About 200 c.c. of oxygen 
are drawn from it into the burette, and a little of the gas is expelled from the burette 
through the other branch and attached rubber tube, the open end of which is held under 
water, until the air in both branch and rubber tubes is considerd to have been displaced 
by oxygen ; the stopcock of the burette is then closed and the rubber tube while still dipping 
under water is also closed by a screw clip which is fixed to it about 1} inch from the free 


end. 


The volume of oxygen in the burette is then noted, together with the temperature 
and pressure. The pressure is then altered a little if necessary so that it shall be a few 
millimetres of mercury below that of the atmosphere. 


At the expiration of the period of shaking, the flasks A and B are taken out of the 
shaker, and A is connected to the gas burette by slipping the free end of the rubber tube 
attached to the branch tube over its stopcock c. When this has been done the screw 
clip is unscrewed, and the stopcock is opened, and finally the stopcock of the burette. 
Oxygen then passes from the burette into the flask to take the place of that which has 
been absorbed by the polluted water in it. When the gas ceases to pass in, the stopper 
of B is turned, and the stopcock 0 is cautiously opened, when the water in the flask B 
will rise up the tube m into the bulb, and the mercury reservoir of the gas burette must 
be cautiously raised until the water in the bulb n is slowly driven back and returns to its 
former height in the tubem. When this has been accomplished, the pressure of the gases 
in the flask A will be the same as at the commencement of the experiment. ‘All stop- 
cocks are now closed and the clip of the rubber connecting tube is screwed up. The 
flasks A and B can then be detached from it and returned to the shaker. The pressure 
and temperature of the residual gas in the burette, when at its original volume, are then 
carefully read and noted. When the volumes of oxygen in the burette before and after 
the operation of replenishing the absorbed gas in the flask A has been reduced to 0°C. and 
760 mm. bar., the difference between them will give the volume of oxygen which was 
absorbed by the given volume of the polluted water during the period of shaking. . 


These operations may be repeated as often as necessary. The volumes of oxygen 
absorbed can be plotted against the time taken for absorption, and a curve will be ob- 
tained showing the rate of absorption of oxygen in c.c. per litre of the water, per hour. 


On reflection, it will be seen that approximate results, sufficiently accurate for many 
purposes, could be obtained by a slight modification of the above operations. The volume 
of oxygen absorbed by the polluting water at any time could be accurately ascertained, 
if, instead of attaching the flask A to the gas burette, it be connected to an ordinary burette 
filled with distilled water. The volume of oxygen absorbed in the fermentation flask 
would then be indicated by the volume of water which would be required to take its place. 
The pressure equilibrium between the two flasks A and B could be readjusted to that 
obtaining at the commencement of the experiment by an operation similar to the one 
just described, viz., by opening communication between them, and carefully raising the 
burette until the height of water inside and outside the tube m in the flask B was the same. 


_ The loss of water in the burette would then equal the volume of oxygen absorbed 
in A at the temperature and pressure obtaining at the commencement of the experiment. 


It is obvious that this modification is open to certain inaccuracies unless they be 
guarded against. For example, the act of replacing the absorbed oxygen from the atmo- 
sphere of the flask by water is equivalent to increasing the pressure of the nitrogen of the 
same atmosphere, to a degree more or less decidedly above that at the commencement 
of the experiment, and this would lead to an absorption of atmospheric nitrogen by the 
polluted water in the flask A, and by the distilled water added to it, and the error arising 
therefrom would become considerable unless the air in the flask were present in large 
excess, and the volume of oxygen absorbed only a small fraction of that present in the air. 


‘The addition of water to take the place of the oxygen as it is absorbed would also 
gradually lead to a reduction in the store of that gas in the atmosphere of the flask to an 
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extent that would appreciably reduce the rate of fermentation in the polluted water. 
This source of error would, however, also be inappreciable so long as the air in the flask 
was largely in excess of the polluting matters in the water. Sufficient excess of air will 
always be secured, if the proportions of it and of the polluted water in the fermentation 
flask be regulated in accordance with the proportions already given on p. 97. 


If the polluted water be not strong, eg., a good effluent, or if it be strong, eg., a 
septic tank liquor, it be diluted sufficiently to reduce the free ammonia to about 0°5 part 
per 100,000, it will usually be found unnecessary to keep it constantly shaken with air 
in the flash. It will be sufficient to occasionally shake the flask. 


India-rubber, instead of glass, stoppers may be used for the flasks A and B. They 
should be coated with shellac varnish to prevent diffusion of gases through them. 


PART XIV. 
GENERAL SUMMARY. 


In the foregoing pages the chemical changes, which occur in a polluted water during 
so-called self-purification under aerobic conditions, and the laws underlying them, have 
been traced and established ; and this has necessitated the discussion in minute detail 
of a large amount of experimental evidence of a varied character. A brief summary of 
the results arrived at, apart from experimental details, may therefore prove of some 
convenience to those interested in the subject. 


The most important change which occurs in an unpolluted water, when it is mixed 
with sewage or other water-borne refuse matters, is the more or less rapid absorption of 
its dissolved oxygen. 


The absorption may be effected in three different ways:—(1) The polluted water, 
from its own state of total or comparative de-aeration, reduces the aeration of the 
unpolluted water by simple dilution; (2) the polluted water may contain directly and 
easily oxidisable substances, which on becoming mixed with the unpolluted water will 
cause a more or less rapid loss of its dissolved oxygen; (3) the organic constituents of 
the sewage, which are not directly oxidisable (and they usually form the greater portion 
of the organic substances in it), and the ammonium compounds, are oxidised through 
the agency of water bacteria, and thus indirectly cause a loss of dissolved oxygen. 


These possible causes of de-aeration are enumerated in the order in which they would 
in all probability take effect under natural conditions. The first is obvious, although 
its importance has not been sufficiently recognised. Its effect can easily be diflerentiated 
from the other two, if the amount of dissolved oxygen, or as it is generally termed, the 
degree of aeration of the polluted water, be first determined, and this can be done without 
difficulty either by a gasometric or volumetric method. 


The second cause of de-aeration is equally obvious, although its importance has 
also not been sufficiently realized. Such experiments as those recorded in Tables 34, 
35, 35a, 36 and 37 prove that directly oxidisable bodies, from the rapidity with which 
they absorb oxygen, constitute a greater danger to the aeration of the water with 
which they become mixed than do indirectly oxidisable substances. Hence it is 
necessary to know the rate of absorption of oxygen caused by them as well as by 
indirectly oxidisable substances. } 


It is impossible to foretell the influence of these two causes of de-aeration from 
any information derivable from the ordinary methods of chemical analysis. It is, however, 
possible to do so by means of the aeration method, and the foregoing pages have been 
largely devoted to a description of that method, and of the experimental investigation 

upon which it is based. — | 


A study of indirect oxidation by this method has shown that it is a physiological 
process analogous to the respiratory process of higher vegetable systems; but that it 1s 
only one, although the principal one, of a number of physiological processes concerned in 
the self-purification of 2 polluted water under aerobic conditions (pp. 21-23). 
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It is unnecessary to discuss thes? in detail. It is suficient for the study of polluted 
waters to recognise the possibility of processes of digestion (by enzymes), and to regard 
the remainder as together exercising one function, viz., the synthesis of the constructive 
materials required for the growth and multiplication of the bacteria, and at the same 
time to remember that there must result from these synthetical processes waste or by- 
products, which may. be regarded as excretory substances. 


The chemical changes which are produced by the above processes may collectively 
be termed fermentative changes for convenience of reference. 4 : 


Experiments with samples of sewage and of polluted waters, of various descriptions, 
have been made (pp. 28-30, 70-74), and it has been found that when they were severally 
mixed with unpolluted water in small proportions, within the limits of fouling, the ferment- 
ative changes which follow exhibit a definite and regular sequence. The organic matters first 
suffer complete fermentation, the products of change being carbonic acid, water, ammonia, 
and organic substances possessing the chemical and physical properties of the humus of 
cultivated soils, and of the organic substances to be found in all unpolluted natural waters, 


especially in those from upland surfaces, 


A second stage of change subsequently ensues, in. which these humus matters and 
the ammonium compounds are further fermented, the resulting products being carbonic 
acid, nitric acid and water. 


The inorganic products of the first stage of fermentation result from the action of 
the respiratory process, and possibly also of enzymes; and the humus-like substances 
are waste products from the synthetical processes (pp. 21-23). 


It is a point of interest to note that free nitrogen has not been observed amongst 
the products of the fermentation of organic substances in water under aerobic conditions, 
although it does undoubtedly occur amongst the products of fermentation in percolating 
filters even when the conditions therein are wholly aerobic. It isa question, no doubt, 
of intensity of oxidation. The filter presents conditions for an extremely rapid and intense 
oxidation ; while water in large bulk, owing to the sparing solubility of oxygen in it, can 
only allow a sluggish oxidation to proceed in it. 


Experiments with distilled water solutions of simple organic substances of known 
composition have shown that the respiratory process is one of simple oxidation, and that 
the organic matters affected by it are completely oxidised to the inorganic products, 
carbonic acid, ammonia and water. The oxidation may either be complete step by step 
as the fermentation proceeds, or only partial at first but finally complete, according to 
the chemical properties of the substances undergoing fermentation (pp. 13-21). 


In the simple solutions employed in these experiments, it was evident from the com- 
position of the organic substance dissolved in each, and from the ratio of the carbon dioxide 
formed to oxygen absorbed, on its complete fermentation, that the oxygen was almost, 
if not entirely, taken up by the respiratory process. Other experiments, however, 
have shown that it is quite possible, under certain exceptional conditions as to the com- 
position of the fermenting substances, for the synthetic processes to take up relatively 
considerable quantities of oxygen (pp. 39-40). Whether oxygen is or is not taken up 
by these processes appears to be a question of composition, of the fermenting substance, 
as might be expected. In ordinary cases, however, of polluted waters, the composition 
of the polluting substances generally appears to be such that during their fermentation 
the absorption of oxygen is practically confined to the respiratory process. 


_ Enzymic action is intimately associated with the respiratory process in the fermenta- 
tion of many organic substances. The chemical changes induced by them are principally 
hydrolytic, and the products are generally simplifications of the original body ; and these 
undergo further fermentative change. Only in the case of urea do they bring about a 
complete change to the ultimate products, carbon dioxide and ammonia. i, 


Sometimes enzymic changes occur with almost explosive velocity; e.g., asparagin 
(p. 17), when present in the fermenting water, is hydrolysed with extreme rapidity, 
the whole of it being converted into aspartic acid and ammonia at the very commencement 
of the fermentation, the hydrolysed product, aspartic acid, then undergoing complete 
fermentation. 
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In other cases, enzymic change may proceed extremely slowly, very much more so 
than the other fermentative changes which may be going on in the same water. Urea 
when present in some polluted waters is an example of this (pp. 14-15). 


There are some other substances which may occur in polluted waters, e,g., native 
albumins and fats, and which require to undergo enzymic change before they can be 
readily fermented by water bacteria. 


The chemical changes which are brought about by the respiratory process and by 
enzymes may be regarded as yielding a continual supply of energy to the bacteria. They 
effect the complete oxidation of 70 to 80 per cent. of the organic substances originally 
present in the polluted water. 


The new material resulting from the synthetical process accounts probably for about 
5 per cent., or even less, and the waste products for the remaining 15 to 25 per cent. 


["' As regards possible relationships between the volume of carbon dioxide formed to 
oxygen absorbed in a polluted water, it is obvious there can be no very definite one, 
especially when the water contains directly and easily oxidisable substances, e.g., sulphides, 
etc., in addition to indirectly oxidisable ones. As a matter of fact, however, in the case 
of most waters polluted by fresh sewage, a fairly constant relationship has been observed, 
the ratio of carbon dioxide to oxygen being approximately as 1:1. If the sewage be 
putrefactive and contain sulphides, the ratio may be much less, e.g., the ratio for the 


septic tank liquor employed for the experiments recorded in Table 39 is as 1: 1°3. 


After the completion of the fermentation of the organic matters, a second stage of 
change, as already noted, sets in, and during it the products of the first stage, that.1s, the 
ammonium compounds and the humus matters, undergo further fermentation. As a 
result the former are completely oxidised to nitric acid and the latter more or less com- 
pletely to carbon dioxide and nitric acid. The point of interest and importance in this 
stage of fermentative changes is the influence of the humus matters on the oxidation of 


the ammonium compounds. 


'™ Laboratory experiments have shown that they not only accelerate the fermentative 
changes, but that their presence is necessary for the oxidation of the ammonium compounds 
to nitric acid. When they are entirely absent, the oxidation is not carried under ordinary 


conditions beyond nitrous acid. 


When the ammonium compounds are present in slight excess of the humus matters, 
both may be completely fermented, the inorganic products being carbon dioxide, water 


and nitric acid. 


The changes which humus matters may undergo when in-excess of the ammonium. 
compounds, appears to be very variable. For example, when fresh, a portion of their 
carbon is readily oxidised to carbon dioxide, and then if unassociated with compounds of 
ammonia, they cease to undergo much further change. 


_ The volume of oxygen actually absorbed in the second stage of fermentation does: 
not bear a constant ratio to the oxygen theoretically equivalent to the nitrous. and-nitric 
oxides formed. The volume may be greater than the theoretical, in the proportion of 
10; $14 (Lable 19, Experiment 1 and 1a), if humus matters are wholly absent; or less, 
eg., 10:,13:5 (Table 19, Experiment. 2), if these are present in large quantities and are: 
freshly formed. 


.. Where,.as.in ordinary cases of polluted tidal waters, humus matters are unlikely 
to be present in any but small proportions, the volume of oxygen required for the oxidation 
of the ammonia to nitric acid can be calculated with sufficient accuracy from the e yuation:— 


2 NH, + 4:0, —=N,0; +'3'H,0. 


On comparing together the changes which progressively occur in the two stages of 
fermentation which have been described, it becomes evident that the oxidation of am- 
moniacal nitrogen to nitrous and nitric acids constitutes the central feature of the second 
stage, just as the oxidation of organic carbon to carbon dioxide constitutes the central 
feature of the first stage. It may be concluded, therefore, that the products nitrous and 
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nitric acids of the one stage are the analogues of the product carbon dioxide of the other 
stage. The first stage of fermentation may consequently be termed the carbon-oxidation 
stage, and the second the nitrogen-oxidation stage. These terms have the advantage 
of emphasizing a fact which it is necessary to keep in mind in dealing with the subject 
of water pollution ; it is that the sequence of the chemical changes, which occur during self- 
purification under aerobic conditions, takes place in accordance with thermo-chemical 


principles. 


A classification of the substances which may occur in polluted waters may be made, 
based on their behaviour towards the dissolved oxygen of the water, as follows :— 


(1) Directly oxidisable substances. 
(2) Indirectly oxidisable substances. 


These latter may be further sub-divided, according to their fermentative properties 
into— 
(a) Carbon oxidisable substances, that is, most known organic substances 
except antiseptics. 
(b) Nitrogen fermentable substances, that is, the waste products from a 
first stage fermentation, and ammonium compounds. 


Not only do the fermentative changes in a polluted water follow a definite and regular 
sequence, but the relationship between the oxygen absorbed and the products formed, 
and between both of these and the quantities of polluting matters originally present, are 
quantitative according to the following law:—The quantities of oxygen absorbed, and 
of products formed, on the completion of each stage of aerobic fermentation, is constant 
for similar volumes of the same polluted water, provided that the dissolved oxygen is in 
excess of the fermenting matters. 


It must be granted from the above brief description of the fermentative changes which 
occur in a water during self-purification under aerobic conditions, that the significance of 
the presence of indirectly oxidisable substances in water depends not upon their exact 
quantity and chemical composition, but upon their fermentative properties and on the 
rate at which they will absorb oxygen from the waters with which they are mixed. The 
same remark applies with equal force to directly oxidisable substances. 


It must also be granted that the methods which are at present employed for the 
analysis of sewage and of sewage effluents, and which were originally worked out for the 
analysis of potable waters, do not afford information of this kind. The aeration method 
has consequently been proposed for the purpose. As may be gathered from the perusal 
of pp. 67-91, it is possible to determine by its means the rate of absorption as well as 
the total absorption, of oxygen which a sewage or sewage effluent is capable of setting’ 
up when mixed in small proportions with unpolluted river or tidal water, during direct 
oxidation as well as during both stages of indirect oxidation. From the description of 
the method given on p. 96, it will be seen that several modifications in working can be 
adopted according to the object in view, that is to say, whether it be desired to study 
the fermentative changes step by step in their entirety, or simply to determine the rate 
of, or total, absorption of oxygen during them. The modification required for the latter 
purpose can be so simply operated that untrained persons can be taught to carry them 
out without difficulty. ) 


Another phase of the subject of the self-purification of slightly polluted waters, and 
a scarcely less important one, is the rate at which the dissolved oxygen in such is replenished 
from the atmosphere under natural conditions, when it is being absorbed by polluting» 
matters. It is obvious that definite information is required on this question before it 
will be possible to formulate standards of impurity for the protection of river and tidal 


waters from over pollution. po 


__ Experiments have been described (pp. 56-66) which afford some fairly trustworthy 
information on this subject. The results of these experiments were quite unexpected, 
since they show that the slow rate of re-aeration of large volumes of de-aerated tidal water 
under calm weather conditions, is not due to the slow process of mixing by thermal current 
or of diffusion of the dissolved gas after it has been taken up in solution by the surface 
layers of the waters exposed to the air. On the contrary, it has been shown that the 
slowness of re-aeration is due to retardation of the process of solution at the water’s surface, 
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and that when oxygen has become dissolved at the surface from the atmosphere, it is 
drawn with comparative speed through the water, apparently by some unexplained process 
of gravitational streaming. It has also been shown that long columns (6 feet) of de- 
aerated fresh or sea water enclosed in narrow glass tubes of small bore are comparatively 
quickly re-aerated when the surfaces of the columns were kept continuously broken, either 
by a mechanical stirrer or by a slow current of air delivered by an inlet tube dipping a 
little below the surface. 


It has, furthermore, been found from these experiments that the aeration of the sea 
water columns was effected much more rapidly than that of the fresh water columus, 
and that the dissolved gases showed practically no tendency to accumulate in the surface 
layers of the sea water columns, but passed almost as quickly through them as they were 
dissolved, with the result that the degree of aeration of the water is found to be nearly 
uniform throughout the length of the column, if it be tested at different depths at any 
time during the process of aeration ; while in the case of the fresh water columns the 
dissolved gases did show a tendency to accumulate in the upper layers, and did not pass 
‘so rapidly to the lower layers. 


From the data afforded by these experiments, it may be taken that the average rate 
of absorption of oxygen from the air is probably not less than 0°08 ¢.c. per litre per hour 
for sea water, and 0°03 for fresh water, at mean atmospheric temperatures. The rate 
for tidal waters varies between these two limits according to the proportions of sea and 
fresh water composing them; thus it is probably about 0°055 ¢.c. per litre per hour for 
a tidal water consisting of equal parts of sea and river waters. 


If these values be accepted, then any pollution of a tidal water of the given com- 
position, which would not cause a greater rate of de-aeration than that equal to 0°055 c.c. 
oxygen per litre per hour, would exercise no apparent effect upon its aeration. 


So far as present knowledge goes, it appears that the aeration of tidal water composed 
of equal proportions of fresh and sea water may be temporarily reduced to 3°45 c.c. 
oxygen per litre without fear of injury to fish. 


The air saturation value at 18°0°C. for a tidal water of the composition above taken 
is 6°20 c.c. oxygen per litre. Hence an uniform and continuous absorption of dissolved 
oxygen, at the rate of 0°055 c.c. per litre per hour, and an additional temporary absorption 
of 2°7 c.c., may be allowed in such a water in calm weather at mean temperatures. 


The period of time over which this temporary absorption may be required to be 
extended may be six and a quarter, twelve and a half, or forty-eight hours, according to 
the conditions attending the discharge of sewage, and according to the favourable situation 
or otherwise of the tidal water for the disposal of sewage. 


The maximum quantities of sewage which may be discharged into tidal waters within 
these limits of de-aeration will be found discussed on pp. 67-91. Although no exact 
relationship can exist between the rates of absorption of dissolved oxygen and the per- 
centage of sewage matters, in a polluted water owing the variable composition and fer- 
mentative characters of the latter, nevertheless it may generally be stated, from the experi- 
ments that have been described, that the dissolved oxygen in unpolluted tidal waters | 
is generally not in danger of being completely absorbed in forty-eight hours if the waters 
be mixed with ordinary town sewage in proportions not greater than 5 per cent., provided 
the solid matters have been previously separated by simple subsidence, and provided that 
the sewage does not contain appreciable quantities of directly oxidisable substances. 


Standards of impurity for the protection of tidal waters, and based upon the above 
considerations, will be found formulated in pp. 91-96. 


W. E. ADENEY. 


Royal University, Dublin. 
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SECTION 2. 


ON NUISANCES CAUSED DIRECTLY BY SEWAGE. 





> JOPPA 


NUISANCES CAUSED DIRECTLY BY SEWAGE. 


.. © Effluvium nuisances,” as they may be termed, occur in certain tidal waters where 
the pena of sewage discharged into them is relatively large in proportion to the tideway 
itself. | 


This kind of nuisance may originate from a putrefying mixture of liquid sewage and 
water, but in the majority of cases we believe it to be due rather to foul deposits of sewage 
solids. 


Evolution of sulphuretted hydrogen is, no doubt, the main cause of such nuisances, 
but the peculiarly foetid smell often observed is in all probability due to other substances 
in addition. 


A few of the more important localities where effluvium nuisances have occurred, or 
are still to be found, may be mentioned. 


Glasgow, a city of more than 750,000 of population, formerly* discharged the whole 
of its sewage in an untreated condition into the Clyde, and the state of the river for several 
miles below the city was filthy in the extreme, the stench at low water, more especially 
in the summer, being almost intolerable. 


Carlisle, with a population of 40,000, also discharged its crude sewage into its river (the 
Eden), and the condition of that stream has been described as follows :— + 


“ The outfall of the sewer is about half a mile below the city, and the tide flows up within 
a mile of that. The whole of the way down to the outlet of the Eden is in the summer 
amass of about 12-18 inches thick of filthy sludge at the bottom, with gas rising from 
it... .itisina most loathsome state.” 


Barking Creek.—A tidal creek which goes from the Thames through Barking to Ilford, 
where a large quantity of sewage is cast into it, and complaints have been made chiefly 
in connection with nuisances arising from the smell, the latter being worst where the waters 
ef the creek have received the sewage of about half a dozen different towns. Then the 
sewage of Hast Ham is backed up by the tide also as far as Barking Town, so that alto- 
gether the sewage of a population of about 200,000 passes through the town of Barking - 
or is washed up to that town, and there a great deal of stagnation occurs with deposition 
of black mud. During the summer months there are continuous complaints of the odours 
given off by the mud and the river water, which probably at some times is more than halt 
of it sewage or sewage effluent. § 


River Lune.—The estuary of this river is without doubt very strongly affected by the 
sewage of Lancaster (population 40,000) and district, which passes into the river without. 
any treatment, especially in the dry weather, when, according to the reports of the water 
bailiffs, it is nothing less than a cesspool. {| 


The Manchester Ship Canal.—Although this canal cannot be described exactly as an. 
estuary, it is in a sense of a similar nature, and was visited by us during our tour of in- 
spection of tidal waters in 1904. The condition of the water in the Manchester Docks 
(Throstle Nest Dock) is foul in the extreme, and we elsewhere describe it in detail (see p. 347).. 











* A scheme for the treatment of the sewage of Glasgow (by chemical precipitation) was authorised in 1806-- 
1898 and the works are still in progress. 

+ From personal observation in the summer of 1904 we should say that the condition of the river had not: 
then been ameliorated. . aie 

t J. B. Slater, Roy. Comm, Salmon Fisheries Rep., 310-316. 

§ Thresh. Interim Report: Royal Commission on Sewage Disposal, Vol. IT. [Cd. 686], Q. 8839. 

4 Roy. Comm. Salmon Fisheries Reps., Appendix XXVI.; also Minutes of Evidence, 1070-1084, 1166, 1176, 
1287-1289, 18918. 
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But we may here mention that it was entirely free from dissolved oxygen, black, stinking, 
and effervescing from the escape of foul gases. 


In addition ‘to the above localities it will be seen from the replies to the circular letter 
to the medical officers of health of certain tidal localities (see Appendix) that at Devonport 
the estuary is offensive and silting up, also that a neighbouring bathing place was closed 
owing to discoloration of water and accumulation of sewage. At Plymouth a nuisance 
has been caused by a deposit of sewage in Deadman’s Bay and an annoyance at Millbay. 
At Chatham the foreshore is polluted in many places. At Hamouth there was formerly 
much nuisance before the outfall was carried further out into the channel. At Rochester 
nuisances are frequent from accumulations of sewage-polluted mud in the creeks and rills. 
And at South Shields one sewage outfall gives rise to much nuisance and a deposit of 
black offensive matter. Also that at Cardiff there is an occasional deposit of sewage on 
the river’s bank and on the foreshore. At Carnarvon the mud deposits at the mouth of the 
river are to some extent impregnated with sewage. At Blackpool there is occasional 
nuisance and a slight sludge deposit. At Southport complaints have been made for a 
long time by the inhabitants of Crossens, a village a quarter of a mile from the sewer 
outlet, that sludge banks have been formed close to the sewer and along the adjoining 
channel. At Stockton-on-Tees bad odours are sometimes noticed, the mud deposited on 
the banks of the river no doubt containing sewage solids. At Swansea some complaints 
have been made, and sludge is said to be found opposite to the main outlet sewer. At 
Hastings occasional complaints of a smell have been made in connection with the western 
outfall ; while at Llandudno complaints have been made as to floatable solids reaching the 
shore on flood tides. And at Folkestone, with the prevalent east and south-east winds, 
sewage 1s driven into the harbour and accumulates on the landing stages of the railway pier. 


In Ireland the condition of the Liffey at Dublin is most filthy, the river being practically 
a cesspool at low water.* . 


The Lagan at Belfast before the main drainage scheme of 1889 was in almost as bad 
a condition as the Liffey, but at the present time its water is clear and quite free from smell 
(see pp. 229, 236). . 


In those estuaries which are navigable and into which crude sewage is poured in quantity, 
the removal of the submerged solids is necessary in order to keep the channel clear for 
shipping, and often considerable expense is incurred in consequence. 


Thus at Belfast the harbour engineer statedt that, “‘ Three or four years ago we actually 
dredged from the Victoria Channel between 30,000 and 40,000 tons of what was crude 
sewage, fcecal matter, which was as black as ink, and the stench from which was something 
terrible. That accumulation was going on for years, and is still going on, and is due no 
doubt to the discharge of solids into Belfast Lough. When I say that the 30,000 or 40,000 
tons were removed at a cost of something like sixpence per ton, you can arrive at some 
estimate of the cost to the Harbour Commissioners.” 


In the case of Belfast, it may be added that the sewage outfall is situated at some dis- 
tance (rather less than half a mile) from the dredged channel; the solfds spoken of above 
by the late harbour engineer represent, therefore, only a small proportion of the actual 
sludge deposited in the Lough (sce p. 230). : 

In other similarly situated towns the cost of dredging sewage solids must be considerable, 
but we have not been able to obtain any definite figures regarding the actual outlay. 


_ On the assumption, however, (1) that the sewage contains 40 parts per 100,000 of solids 
in suspension, (2) a water supply of 30 gallons per head, and (3) that as dredged the 
solids contain 90 per cent. of water, calculation shows that 1,000 tons annually will be 
produced by a population of about 5,000. Applying these figures to the case of Glasgow, 
and for a rough estimate they no doubt suffice, and further assuming that the cost of 
dredging is sixpence per ton, the annual expenditure would amount to about £3,750. 


en ee ee eee 


* The new main drainage scheme and purification works, now almost completed, will no doubt soon lead 
to an improvement in the condition of the river itself. 


+ Third Report of Royal Commission on Sewage Disposal, Vol. II. [Cd. 1487], Giles, Q. 13676. 
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Apart altogether from the nuisance caused by submerged sewage solids and the expense 
involved in removing them by dredging, they may prove troublesome and possibly dan- 
gerous in other ways even in the open sea. Thus a case has been mentioned of pier works 
within 500 yards of a sewage outfall from which crude sewage is discharged at all states 
of the tide. During calm weather the workmen when digging out the foundations never 
experienced inconvenience from the sewage, but after a storm they found the bottom 
of their trench filled with its débris. 


The inference drawn by the engineer who reports this case, and who was conversant 
with the locality, was that about 200 yards or so out from the outfall a large bank of 
sewage mud collected under the water. It caused no nuisance and there was no sign 
whatever of it in the water, but during storms it moved away, because it was old and not 
fresh sewage that came into the trenches; and he adds that it opened his eyes to what he 
had not realised before, namely that within a few hundred yards of the shore an outfall 
that does not give any signs of surface pollution, or any signs whatever of pollution 
by putrescence, may be causing a deposit on the bed of the sea.* 

A good deal of evidence has been given as to the effects on health of exposed mud 
banks in estuaries polluted by sewage. 


Thresh} draws attention to the fact that, taking those districts going down the Thames 
in order, most typhoid is found where most mud is exposed. Towards Grays there is no 
mud. It is only below Canvey Island that the mud is exposed. Below Grays the typhoid 
fever rate increased enormously, and he quotes this rate for the districts of Rochford, Leigh, 
Southend and Shoeburyness—the three last of which at that time cast the whole of their 
sewage onto the foreshore, without any treatment whatever. 


He also mentions Brightlingsea on the Colne estuary, where the untreated sewage was 
formerly discharged onto the foreshore, and there he found the typhoid rate higher than 
for the remainder of the county. Since treatment of the sewage has been adopted before 
discharging it, the number of cases of typhoid has diminished considerably. 


Foulertont, in an investigation of the tidal Ouse (Hampshire), in relation to the 
prevalence of typhoid fever in the adjoining districts, and especially at Newhaven, situated 
at the mouth of the river, came to the conclusion that the river itself was responsible for 
this prevalence, as a consequence of the discharge of sewage containing the excreta of 
patients suffering from the disease into the upper reaches, and mainly at the town of Lewes. 


“ Regarding the polluted river then as the cause, one finds that the town (Newhaven) 
is exposed to the risk of infection in two ways: first, by the deposition of polluted sludge 
on the foreshore, which is exposed twice a day to the tide, and, secondly, by the pollution 
of the rather extensive mussel layings which are situated in the upper harbour. 


“Of these two immediate sources of infection, I am inclined to regard the pollution of 
the foréshore generally as being by far the more serious.” 


Foulerton draws attention to the effects of tidal and non-tidal streams respectively 
on disease germs. In the case of non-tidal streams, not only does dilution come into action, 
but the organisms are deposited along with the suspended solid matters of the sewage on 
the bed of the stream. The disappearance of these disease-producing organisms is due 
to the fact that they are best adapted for growth in connection with some living organism, 
and so their environment at the bottom of the river is unfavourable for them. Therefore, 
in the struggle for existence between them and the bacteria naturally found in a good . 
river water, the disease producers are at a heavy disadvantage, cease to multiply, and 
die out. 


But in the case of a tidal stream the conditions are different. Here the disease- 
producing bacteria are deposited not only on the bed of the stream, but also on the mud 
or sludge on the banks and are uncovered at low tide. 


* Strachan. Interim Report of Royal Commission on Sewage Disposal, Vol. II. [Cd. 686], Q. 7650. 
+ Thresh. Interim Report of Royal Commission on Sewage Disposal, Vol. II. [Cd. 686]. 
{ Report to the Sanitary Committee of the East Sussex County Council, 1903. 
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it now requires only the agency of a fly, feeding first on the organic matter in the sewage 
contaminated mud and then on some human food—milk, for instance—to convey the 
bacillus of typhoid fever from the river to some human being. | | 


Williams,* while not.liking to say exactly that the typhoid which occurs annually at 
Bridgend in South Wales is due to the foul condition of the Ogmore River, could not attri- 
bute it to anything else, the water supply and drainage being both good. 


Belfast. is a city in which typhoid fever is very prevalent, and formerly the whole of 
its sewage was discharged in the crude state into the Lough, where: the tides are sluggish, 
and extensive mud and sand banks are exposed at low tide. . These.in the summer and. 
autumn are as a rule in.an exceedingly foul condition, owing to the masses of putrefying 
ereen seaweeds which have been cast ashore and give rise to an extensive nuisance (see 
Section 7A). brs Od 


Undoubtedly many cases of typhoid have occurred among those living on the margin 
of the Lough within the polluted area (and notably on its southern shores, wheie the sea- 
weed nuisance is most acute) which cannot be attributed:to any such specific cause as a 
contaminated milk or water supply, defects in drainage, etc. These cases have frequently 
occurred among the better classes of the population who, as far as we have been able 
to ascertain, are not in. the habit of eating locally gathered cockles,; mussels, or peri- 
winkles, and, as oysters are. no longer dredged from the Lough, the possibility of th 
disease having been communicated by the consumption of contaminated: shell-fish is 
higily improb.ab!e. y. 24) 6 


There seems good reason for the belief that emanations. from sewage and no doubt 
from putrefying matters in general are detrimental to health, and induce vomiting, diarr- 
hoea and prostration,t and that such emanations, even when largely diluted, may lead 
to minor ailments, such as headache, loss of appetite, and a general lowering of health. 
Thresh is of the opinion that the complaints of ill-health, such as sore throat, nausea and 
malaise, among those living round the quay at Barking, where there is oiten an effluvium 
nuisance, are in some cases, at all events, well founded, and the same may, we believe, be 
certainly said for similar cases occurring in the neighbourhood of the offensive foreshore 
at Belfast. 


Hillt states that the emanations from parts of the tidal Wear, cause ill-health among the 
inhabitants, many of whom have a particularly unhealthy appearance, and. hevis«also 
of the opinion that at Durham City the pollution of the river has caused injury to health. 


The mechanism by which sulphuretted hydrogen is disengaged from putrefying liquids 
or foul deposits (among which latter certain mud banks may be included) would not 
appear from the literature relating to sewage and sewage disposal, to have received much 
special attention although of fundamental importance as regards effluvium nuisances. 
But in purely scientific literature it will be found that it has formed the subject of 
numerous investigations and of some controversey. 


There can be no question that the gas may be formed directly by the decomposition of 
albuminoid bodies, and indeed its odour is described as being that o!-rotten eggs. 


It is thus a product of bacterial life and many species of micro-organisms have been 
enumerated as generating the gas from ordinary culture media. But sulphuretted hydro- 
- gen may be produced in a putrefying liquid or in a foul deposit by a totally different 
mechanism, namely, by the reduction of sulphates. HOOKS TaN ? 


That such reduction may occur has long been known and its importance in geological 
metamorphosis was early recognised. 





* Interim Report of Royal Commission on Sewage Disposal, Vol. II. (Cd. .686],-9865-9911. 

Bi A rather singular observation of the late harbour engineer for Belfast may be mentioned in connection 
with this matter, He informed one of us that he had repeatedly noticed. that when the men employed on 
his dredgers were raising sewage sludge, or what he deemed to be such; they often suffered from a severe form 
of colic after eating freshly-baked bread, while at other times when eating the same bread they did not do so. 

{ Interim Report of Royal Commission on Sewage Disposal, Vol. IL. [Cd. 686], Q. 9031. 


bg yy 


_ Possibly the first to observe it was Biszhoff, the following passage occurring in the 
finglish translation of his work on chemical and physical geology, bearing the date 1854 :— 


Alkaline and earthy sulphates are reduced by carbonaceous substances in the wet 
way into sulphurets. This decomposition takes place in mineral waters which contain 
sulphates, especially sulphate of soda and organic matter. When kept for some time in 
corked bottles they acquire an odour of sulphuretted hydrogen.” 


_And_he also referred the formation of iron pyrites to a similar action. That the formation 
of sulphuretted hydrogen in mineral waters may be due to biological processes seems to 
have been first demonstrated by Lothar Meyer* in 1864, who referred the production of 
the gas to the action of alge in the. waters. ° 


Cohnt in 1875 isolated a bactertum from well water which evolved sulphuretted 
hydrogen, while in 1882 Etard and Oliviert proved that in mineral waters sulphate of 
calcium gives rise to sulphuretted hydrogen or even to free sulphur. 7 


Hoppe Seyler§ in 1886 described the fermentation of cellulose, with and without the 
addition of sulphates, by the agency of one of the butyric ferments—B: Amylobacters:; 


In the. latter case the cellulose was resolved into equal volumes of marsh gas and car: 
bonic anhydride, while in the former the volumetric proportions of the evolved gases were 
changed. to ten of carbonic anhydride for one of marsh gas, this being due to the oxida 
tion of the greater part of the marsh gas at the expense of the sulphate, in accordance 
with the equation :— , 7 


CH, + CaSO, = Ce.C0, + HS + H,0: 


Closely connected .with the reduction of sulphates. and evolution of sulphuretted 
hydrogen by particular putrefactive agencies, is the formation of certain marine deposits, 
more especially the so-called blue muds. . | 


J. Y. Buchanan in an interesting paper on the genesis of these muds propounded the 
following theory. 


“* As the result then of the observations which have been recited I was led to believe 
that the principal agent in the comminution of the mineral matter found at the bottom of 
both deep and shallow seas and oceans is the ground fauna of the sea which depends for its 
subsistence on the organic matter which it can extract from the mud. 


“Tn order to fit them for collecting their nutriment in this way the animals have been 
fitted with different forms of masticating or milling apparatus, so as to thoroughly deal 
with the matter which passes through their bodies. It has been shown that most silicates 
are decomposed to a certain extent when ground or pulverized under water so that mere 
mastication of the sand or mud in presence of pure water would have a decomposing 
action on the silicates which it contains. This action is rhuch assisted, in the case of 
marine animals, by the fact that the water which they pass through their bodies along 
with the sand is charged with sulphates. These are easily reduced to sulphides by the 
action of the organic matter of the secretions of the animals.{[f[ The resulting sulphide 
at once suffers double decomposition with any oxide of iron or manganese which is present 
as such in the mud, or may be set at liberty from silicates under the decomposing in- 
fluence of trituration under water. The sulphides of iron and manganese so formed are 
in course of nature extruded by the animals, and if exposed to the sea water on the surface 
of the mud are quickly oxidized, the manganese taking priority. The mud below the 
surface layer in localities where ground life is abundant, remains there, being protected 
by the oxidation of what is above it. 


“At the bottom of the ocean the mineral matter is thus exposed to a reducing process, 
due to the life of the animals which inhabit it, and to an oxidizing process due to the oxygen 
Ree 1 90 SO e Cia dO a OSE 90 BINS OT SO BER TO Ri TEA 


* Lothar Meyer, Journ. /. Prak. Chem., Vol. XCI. 
{ Cohn, Beitriige zur Biologie der Pflanzen, Vol. VII., Part TIT., 1875. 
{ Compt. Rend., 1882. 
§ Hoppe Seyler, Zeitsch. f. Physiol. Chemie, Vol. X., Part V., 1886. 
. J. Y. Buchanan, Proc. Roy. Soc., Edinburgh, XVIII., p. 17. 
“/§] Compare the rcduction of manganese peroxide by bacteria in presence of sewage solid matters, 
pp 32 and 53. 
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dissolved in the water. Other things being equal the redness or blueness of a mud or 
clay depends on the relative activity of these processes.” 


Irvine and Gibson* combat Buchanan’s theory of the formation of manganese sulphide 
as a result of animal life on the ground that sea water containing excess of carbonic 
anhydride must always be present, while they proved experimentally that when sulphide 
of manganese is added to sea water in quantity not more than sufficient to form carbonate 
of manganese with all the carbonic acid present in the sea water, the sulphide is completely 
decomposed, sulphuretted hydrogen being liberated and the manganese dissolved On 
the other hand they agree with Buchanan that sulphide of iron is formed under the con- 
ditions referred to by him, and they state that unlike sulphide of manganese it is readily 
formed in the presence of sea water whether mixed with carbonate of lime or not, and that 
solutions of carbonic acid or of bicarbonates do not decompose it, or prevent its formation. 


We shall have occasion later on to show that they are in error as regards the latter part 
of this statement. 


Murray and Irviney, in an important paper, give an account of their examination of 
the water intimately associated with the muds, which they obtained by allowing 
considerable quantities of the dredged mud to drain from a suspended canvas bag. 


| 


They found that this water had a different composition from the overlying normal water : 
the chief points of difference being that the former contained (1) less sulphates, (2) showed 
a higher alkalinity, and (3) contained much more free and albumenoid ammonia than 
the latter. 


At first they were inclined to refer the great increase of alkalinity observed to the excess 
of carbonate of lime derived from the solution of the dead shells of calcareous organisms 
by carbonic acid, the latter being much increased (they say) in sea water through the de- 
oxidation of the sulphates by organic matter, but the total lime present in the water filtered 
from the mud was found on determination not to have been increased to any notable degree 
above that present in normal sea-water, and it was also observed that the increase of 
alkalinity was approximately proportionate to the diminution of the sulphates. 


Eventually, however, they came to the conclusion that the principal increase of alka- 
linity is due to the deoxidation of sulphates by the organic matters in the mud and the 
subsequent decomposition of alkaline or earthy sulphides by the carbonic anhydride thus 
produced. 


The principal reactions which occur in mud waters they give as follows :— 


(1) RSOg + 2C = 2C0, + RS 


? 


where R is an “earthy alkaline” metal. 


(2) RS + 200, + H,O = HS + RCO, + CO, 
(3) RS + RCO, + CO, + H,O = 2 RCO, + HLS. 


On the sulphuretted hydrogen meeting with ferric oxide present in the surface layer of 
these muds the following reaction occurs :— 


(4) FeO, 3H,S = 2FeS + 8 + 3H,0. 


“ Part of the sulphur is thus fixed in the mud and part, if there be not sufficient iron in 
the mud, may escape into the water alone, where meeting oxygen it will be converted into 
sulphuric acid (H,SO,) and return into RSO, The products RCO;, CO, in (2) and 
RCO, in (3), or the bicarbonate and carbonate of the metal, are found in the water strained 
from the mud as above described. ... The sulphur thus reduced from the sulphates 
may In part on passing, as hydrosulphuric acid into the water immediately above the 
mud, become oxidised back again into sulphuric acid, which, in turn, decomposing the 
carbonate of lime always present in the water (or in the deposit) would re-form sulphates.”’ 





* Trvine and Gibson, Proc. Roy. Soc. Edinburgh, Vol. XVIILI., p. 54. 
f Murray and Irvine, Trans. Roy. Soc. Edinburg’, Vol. XXXVIL., Part II., p. 481. 
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_dW. N. Hartley* somewhat severely criticises these equations on the grounds (1) that 
theyzare written without reference to the part played by water in the chemical changes 
involved and (2) that sulphuretted hydrogen, according to his own experiments on the 
matter, is not oxidised to sulphuric acid by dissolved oxygen, but from Winogradsky’s 
observation is converted by beggiatow first into sulphur and later to sulphuric acid by a 
process which may be termed “ respiratory,” for the reason that it is a cause of chemical 
change, liberating energy in the form of heat. 


_zHartley then draws attention to the large quantities of sulphuretted hydrogen found 
in the waters of the Black Sea and to Andrussow’s paper on the subject, and also to 
Zelinsky’s discovery of the organism B. Hydrosulphureum Ponticum, which causes the 
production of the gas. This organism he says appears to live upon the cellulose of vege- 
table débris and it abstracts oxygen from sulphates. | . 


He next gives thermochemical data to prove that Hoppe Seyler’s theory .of sulphate 
reduction by the fermentation of cellulose is correct, the total heat effect being evolution. 
Also further data of a similar kind to prove that when sulphuretted hydrogen is oxidized 
first to solid sulphur and then to dissolved sulphuric acid, more heat is evolved than when 
it is oxidized to sulphuric acid directly without separation of sulphur. It seems to us 
that such a conclusion is opposed to Hess’ law of the initial and final states. 


In view of some of the thermochemical data given, the concluding paragraph of Hartley’s 
paper is difficult to understand. This runs as follows :— . 


“It may easily be shown by thermochemical equations that neither organic matter 
nor carbon itself can reduce sulphates such as calcium sulphate to sulphides, except at a 
high temperature, because the thermal effect results in an absorption of heat under the 
most favourable conditions for such chemical changes.” 


Beyerinkf, in a series of papers on the cause of the reduction of sulphates by natural 
processes, first draws attention, in the introduction, to the general importance of the subject : 
biologically in relation to the occurrence of a somewhat extensive flora and fauna speci- 
fically adapted to an existence in (solution of) sulphuretted hydrogen. Geologically on 
account of the occurrence of extensive deposits rich in ferrous sulphide occurring at the 
bottom of lakes and even seas. Thus it would appear, he says, that the bed of the Black 
Sea is coated with an enormous layer of ooze containing that substance, above which 
the water for a considerable height contains sulphuretted hydrogen—as much as 6°5 cc. 

_per litre having been found at a depth of 2,125 metres. 


He next discusses the different modes of formation of “ biogenic” sulphuretted 
hydrogen and as regards the production of the gas itself or of sulphides generally, by 
micro-organisms, arranges the possible methods of formation as follows :— 


(1) Decomposition of proteids containing sulphur. 
(2) Directly from free (“‘ regulinischen ’’) sulphur. 


{3) From sulphides and hyposulphites, the latter with preliminary resolution 
into sulphide and sulphur. 


(4) The reduction of sulphates. 


The last of these he says is probably of chief importance, and Beyerink’s experimental 
investigation deals practically entirely with it. 
In this investigation the reduction of sulphates was first traced in “raw” cultures, 
in which he added, either to sewage alone or to sewage plus potassium phosphate and 
organic substances (such as asparagin and sodium malate or lactate), a definite quantity 
of a sulphate—for example, magnesium or calcium sulphate. Mixtures of these 
were placed under such conditions that no air could gain admission, as for instance by 
completely filling a stoppered bottle with them, and they were then incubated at a gentle 


heat. ; 








* W.N. Hartley, Trans. Roy. Soc. Edinburgh, Vol. XXL, p. 25. 
+ W. M. Beyerink, ‘‘ Ueber Spirillum Desulphuricans als Ursache von Sulfat-Reduction,” Centralblatt |. 


Bakteriologie, Bd. I. [1895], Abt. 2, pp. 1, 49, and 104. 
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From time to time the sulphuretted hydrogen produced was determined iodometrically, 
while the complete disappearance or otherwise of the added sulphate was ascertained 


by qualitative tests. 


Eventually Beyerink succeeded, though with difficulty, in isolating the specific micro- 
organism concerned and in inducing powerful sulphate reduction by its means in pure 
cultures. The following is a summary of the chief facts elicited by the investigation. 


(1) The reduction of sulphates is caused by a specific organism which is a spirillum — 
about 4x long and In thick. The number of convolutions (windungen) is } to 1, more 
than one convolution being rare. Most individuals are fairly rapidly motile, but only so 
long as oxygen is excluded. The organism is indeed strictly anerobiec, but it does not cause 
the evolution of hydrogen. It therefore merely reduces sulphates to sulphides, and sul- 
phuretted hydrogen is produced from the latter by an action to be discussed presently. 
Organisms which, like the butyric ferment, cause evolution of hydrogen, are incapable of 
reducing sulphates, thus disposing of a theory which has from time to time been advanced 
to account for the formation of sulphuretted hydrogen during putrefaction. 


(2) Microspira, or Spirillum, Desulphuricans occurs in sewage during July, August and 
September abundantly, but later in the year in much smaller quantities, or 1s completely 
absent. It is invariably present in sewage sludge, and Beyerink also detected it in garden 
moyld. 


(3) Sulphate reduction occurs most readily in very dilute nutrient media, and ‘the 
growth of the organism is inhibited by the presence of acids, hence sugar should either 
not be present at all, or, if so,in such small quantities that in “raw” cultures the other 
organisms rapidly oxidize them to water and carbonic anhydride. Phosphates and other 
saline substances must be present, but only small quantities of nitrogenous substances 
are necessary—ordinary sewage containing sufficient of these for the reduction of 60mgs. 
per litre of SO,. . The presence of a small quantity of a ferrous salt indicates the progress 
of sulphate reduction by the darkening of the liquid. | nareaccet 


(4) The most favourable temperature for sulphate reduction lies somewhere about 
25-C., though it still takes place to a certain extent at 40°C. Below 20°C. it is uncertain, 
and. often does not occur at all. 


Some years after the publication of the above investigation, Van Delden* again took 
up the subject at Beyerink’s suggestion, more especially with regard to the very strong 
sulphuretted hydrogen evolution occurring round the Dutch coasts; and particularly 
in the estuaries (““ Wadden ”’) where the seabed is black for several metres below the 
surface—which latter is oxidized and brown to a depth of a few millimetres or centi- 
metres only. 


His first experiments were, however, conducted with fresh water, and were to a con- 
siderable extent a repetition of those performed by Beyerink. 


Thus he found that all the sulphates in (Delft ?) sewage (44-8 mgs. SO, per litre) were 
reduced without the addition of anything except 0-2 grms. per litre of potassium phosphate 
when incubated at 28°C. for a week, and that the equivalent quantity of sulphuretted 
hydrogen (19 mgs. per litre) was evolved. 


In other experiments conducted with artificial solutions, he obtained a more extensive 
sulphate reduction than Beyerink. Thus with the following :— 


Tap water : 3 és 7 : 4 < - 1,000 

Potassium phosphate s “ v * i = 0°5 
Asparagin - 3 . z nite Bee - - 1-0 
Sodium lactate <j ‘ 3 . 3 : “ 5:0 
Gypsum : ; 5 : : 5 S J 1°0 


inoculated with sewage sludge and incubated (in a completely filled stoppered bottle) 
Dp wee en SS — 


a A. van Delden, “ Beitrag zur Kenntniss der Sulfat-reduction durch Bakterien,” Centralblatt fur Bakterio- 
logie, etc., Bd. XI. (1903) Abt. 2, pp. 81 and 113. . 
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at 28°C., the whole of the sulphate (580 mgs. SO,) disappeared in forty-one days with equiv- 
alent evolution of sulphuretted hydrogen (246 mgs. per litre), thus showing that Microspira 
desulphuricans can exist in high concentration of that gas. 


He also proved experimentally that a certain quantity of organic matter is necessary 
for sulphate reduction, the action ceasing after a time when much sulphate is present with 
only a little organic matter, but is rapidly renewed on adding more of the latter. 


Van Delden next describes an improved method for isolating M. desulphuricans, de- 
pending mainly upon the addition of sulphuretted hydrogen to the gelatine culture medium. 
Incidentally he isolated another organism which both microscopically and in the appear- 
ance of its colonies resembles M. desulphuricans, but which, however, does not possess 
the power of reducing sulphates. On the other hand, it can reduce both sulphites and 
hyposulphites with evolution of sulphuretted hydrogen, and also in presence of small quan- 
tities of oxygen causes the separation of sulphur from the latter. But this organism is 
not aerobic, and is not, therefore, Zelinsky’s B. hydrosulphureum ponticum, DAYS, 

Experimenting next with pure cultures of M. desulphuricans, he found that it would 
grow in concentrated solutions of organic substances, while in “raw” cultures, such con- 
centration leads to its suppression by putrefactive organisms. The pure cultures have 
powertiul reducing properties, and with them he obtained a concentration of sulphuretted 
hydrogen up to 238 mgs. per litre (in eighteen days). 


Van Delden next turned his attention to the reduction of sulphates in sea water, and 
commenced the investigation with “raw” cultures, in which he used similar solutions to 
those employed in the fresh water experiments, with the difference, however, of either 
substituting sea water for fresh water, or of adding 3 per cent. of salt to the latter. These 
were inoculated as a rule with a little black (sea) sludge taken near the exit of a drain into 
the Dollard, and after incubation were found to contain extraordinary quantities of 
sulphuretted hydrogen. 


Thus in one experiment in which the following solution was employed :— 


Tap water - - - - - : - - 1,000 

Common salt - = = (9-2). = os = = 80 ev i 
Sodium lactate SOE ON PR re} 10 
Crystallized magnesium sulphate -~ - - 8 

Potassium phosphate - - - - - - 0°5 

Asparagin - : - . - - : - - 0°5 


no less than 1,030 mgs. per litre of sulphuretted hydrogen were produced and the whole 
of the sulphate disappeared. The latter, calculated as SO,, amounted originally to 2,424 
mes. per litre, an amount exceeding the average quantity found in sea water, which Van 
Delden gives as being 2,100-2,200 mgs. per litre. In experiments with mixtures of sea 
water, potassium phosphate, asparagin and sodium lactate—but without added sulphate, 
1,984 mgs. SO, per litre found originally, disappeared, and 843 mgs. of sulphuretted 
hydrogen were produced. 


Van Delden had no difficulty in isolating the organism causing the reduction of sulphates 
in sea water, which he found to closely resemble M. desulphuricans. He named it M. 
estuarie. 


Experimenting with pure cultures he found it to possess very energetic sulphate reducing 
powers, obtaining as much as 952 mgs. of sulphuretted hydrogen per litre. Like M. 
desulphuricans it thrives when in pure culture in high concentration of organic matter. The 
fresh water and sea water organisms were next studied in relation to the question of salinity, 
and the results may be summarised thus :— 























Percentage of Salt in the Culture Fluid 0 | i 1 14 2 24 3 
{ M. Desulfuricans - | 532 | 500 | 528 | 532 320 80 0 
Megs. per litre of SO, reduced by ( ET EI TLETES DS sae ay aL a Pe 
\ M. Estuarli - -| 0O 240° 11,000 | 1,200 | 1,140 | 1,108 | 1,280 
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From which it appears probable that the two are distinct species, though possibly they 
are not so, but are modifications of the same species, which have become gradually 


acclimatised to fresh and salt water respectively. Le! 
It is evident, however, that both can thrive in brackish water. 


Van Delden concludes his two papers on sulphate reduction by a discussion of the 
chemical changes leading eventually to the evolution of sulphuretted hydrogen. Re- 
calling the fact that sulphate reduction can only occur in presence of organic matter— 
the reason he says, is, that the combustion of this organic matter supplies the energy 
necessary for the reduction, and consequently there should be a definite relationship 
between the amount of carbonic anhydride and sulphuretted hydrogen evolved—the 
former deriving its oxygen from the sulphate reduced, and consequently its amount should 
be also proportional to that of the sulphate disappearing. 


Further, in a culture fluid containing no other organic matter tham sodium lactate, the 
eventual chemical change must be somewhat in accordance with the equation :— 


2 0,H,O, Na + 3 Mg. S0,=3 Mg. CO, + Na, CO, + 2 CO, + 2H,0 +3H8. 


In which for every molecule of sulphuretted hydrogen formed, two of carbonic anhydride 
are produced, either free or combined. 


To test this theory he conducted experiments on the reduction of magnesium sulphate 
in a solution containing in addition, sodium lactate, common salt, phosphate of potassium, 
and ammonium chloride (as nitrogenous nourishment): the mixture being imoculated 
with M. Estuarw, and placed in completely filled stoppered bottles. Hventually (after 
eighteen days incubation at 28°C.) separate determinations were made of the total carbonic 
anhydride and sulphuretted hydrogen, when (after subtracting the carbonic anhydride 
originally present in the liquid) quantities of the two were found agreeing fairly well 
with those required for the above equation. | 


Experiments conducted on similar lines with M. desulphuricans led to a similar result, 
and when potassium lactate was substituted for the sodium salt the ratio remained 
unchanged. 


Van Delden compares sulphate reduction with denitrification, the combined oxygen 
in both cases playing a similar role in the oxidation of organic matter, and assisting in 
the natural processes of the self-purification of foul waters. 


* * * * * * 


While Beyerink and: Van Delden’s researches give a complete and probably the correct 
explanation of sulphate reduction in both fresh and sea water, and also no doubt indicate 
that the bulk of the sulphuretted hydrogen occurring both in foul sewage and from cer- 
tain mud banks, owes its origin rather to sulphates than to albuminoid bodies, they leave 
one aspect of the question, and an important one, untouched experimentally, namely the 
role played by ferrous sulphide, which, as is generally acknowledged, appears-to be the 
sulphide chiefly en evidence in foul deposits. 


How is this substance formed ? and when formed, is sulphuretted hydrogen evolved 
from it by natural processes—and, if so, by what chemical mechanism ? In order if pos- 
sible to answer this and certain other questions connected with foul deposits occurring 
in both fresh and sea water, Mr. J. L. McKee, B.A., and 1851 Exhibition Scholar, has at 
the suggestion of one of us made an investigation, of which the following account may be 
given :— 


(1) RePEeTirion or BEYERINK AND VAN DELDEN’S EXPERIMENTS, 


The following experiments with “raw” cultures were made.’ In each case a bottle of 
about one litre capacity, and completely filled with the solution (which previous to use 
had been boiled to get rid of dissolved oxygen), was employed. 


The liquid was then inoculated with a trace of foul mud, or a small portion of the liquid 
from another culture, and finally the bottle was stoppered and placed in an incubator 
at 80° F. (=27° C.). The sulphide was determined by running 10 ¢.c. of the culture fluid 
into excess of a dilute standard solution of iodine (1 cc. =0°2 mgm. H,S) and titrating 
back with sodium thiosulphate of equivalent strength. 
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In each experiment a small bottle was filled with the moculated culture fluid and a small 
quantity of ferrous sulphate, to indicate the progress of the reduction by the formation 
of ferrous sulphide and consequent blackening of the fluid. 


No. 1.—Culture Fluid. 


Distilled Water - ; . - . - - 1000 parts 
Na,SO, crystallised - - - - - sae ce Siapeaeioe 
Amm. Tartrate - - - - . SSN Gs a hnnatey 
Bere, +. - - - - - - *! 028. 2n5; 
Glucose - - - - - - - - 910 O05), <5 


_ For inoculation a small trace of foul mud (Sample 2) was used. 


Mgms. H.S per litre found{15th day = 62:6 
at the end of the - - |24th ,, =60°0 


It will be seen that no sodium chloride was present in the above solution. In all the 
subsequent experiments either that salt was added in about the proportion found in sea 
water, or sea water itself was used. 


The mud employed for inoculation was from a tidal timber pond into which, however, 
fresh water was discharged. Van Delden has shown that M. Hstuarw perishes in fresh 
water, from which it would appear that the organism active in the above experiments was 
M. Desulphuricans. On the other hand, the inoculation also succeeded in sea water, 
in which M. Desulphurscans perishes. Thus both organisms appear to have,been present 
in the mud, which is not surprising, as both can thrive in brackish water. 


No. 2.—Culture Fluid. 


Tap Water - - - - : - - - 1000 parts 
Asparagin - . - . : - - > Vo erss 
K, HPO, - - : - . : an oem ss 
MeSO, crystallised - : - - - - ii bce 
NaCl - - - - - . . a TERS 


The inoculation was made with a trace of foul mud (Sample 1) from Belfast Lough. 
Mems. H.S per litre found | ate Ey: si nae : 
attheendofthe - - \49th ae 207:0 


at the end of the 49th day much sulphate was still present. 


From the large quantity of sulphuretted hydrogen produced in this experiment, and 
also from the salinity of the solution, it would appear probable that the active organism 
present was WM. Estuarii. It will be seen that at the end of the 49th day there was only 
about two-thirds of the quantity of sulphuretted hydrogen found at the end of the 21st day, 
the loss being possibly due to organisms which are able to decompose this gas into sulphur 
and hydrogen. 


No. 3.—Culture Fluad. 


Tap Water - . : . - - : - 1000 parts 
Asparagin§ - - : . - - : : a 
K, HPO, - - - : - “fon "Dates 
a SO, RTT - - - - weed rts ey eee 
NaCl - - - - -_ - - RiGaweaUe tik, 


The inoculation was performed with a trace of foul mud (Sample 1). 


Mems. of H.S per litre dann fee * 
attheend ofthe — - Saas 


All the sulphate had disappeared when the above estimation was made. 


The small amount of Ba prareuted hydrogen appearing while all the sulphate had dis- 
appeared is rather striking ; but lam unable at present to give any theory to account for 


ih 
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No. 4.—Culture Fluid. 


Sea Water - . - - - - - - 1000 parts 
Asparagin - - - - - ° - 2. Ls Oaoas 
KOR Oe a - os - - - - =) nO coun 


The solution was inoculated with a small portion of the liquid from No. 2, after the 
latter had become active. 


Mems. per litre found at the { 13th day = 292. 
endofthe - : - - |19th ,, =303. 


(Much Sulphate still present.) 


At the time when the last of these determinations was made, the alkalinity was also 
determined in the following manner :— 


(A.)—Alkaline Carbonates. 


25 cc. of the solution were boiled till about half had vaporised, the solution filtered 
from the precipitated carbonates, and the filtrate titrated with X H.Cl. 





Amount of this required - - - - - - ~ 151 Ge, 
25 cc. sea water treated in the same way, required - - - 0°14 ce. 
: Difference = 96 ‘cc. 


.*. 1009 cc. contain ‘96 x 40 x 2:2 = 84:5 mgs. CO, in combination with alkali metals. 


(B.)—Alkaline Earth Carbonates. 


25 cc. of the solution were evaporated to dryness, and the residue titrated with 2 H.Cl. 





Amount of this required = - - - - - - - 1°75 ce. 
25 cc. sea water similarly treated, required -- - - - 0°60 ce. 
1°15 ce. 


-. 1000 ec. contain 1°15 x 40 x 2°2 = 101:2 mgs. CO, in combination. 


Deducting amount found for alkaline carbonates = 16°7 mgs. CO, in combination with 3 
alkaline earth metals. 


It will be seen from the above results that at least ¢ of the carbonates formed are 
combined with alkali metals, and it is therefore probable that the sulphates of potassium 
and sodium are more readily attacked by M. Estuarii than the sulphates of calcium 
and magnesium, which, according to Dittmar,* occur in larger quantities in sea water. 


(2) Tue Action oF CarBonic ActD ON FERROUS SULPHIDE. 


A preliminary experiment showed that when carbonic anhydride was passed through 


recently precipitated and washed ferrous sulphide suspended in water, the escaping gas 
blackened lead paper.t+ 


) 


An experiment was next made to ascertain the amount of sulphuretted hydrogen which 
might thus be produced. 





* Dittmar (Challenger Report) gives as the approximate amount of the various sulphates present in 
100 parts of the solids in sea water :-— 


Potassium sulphate . - - - - - 2°465 
Magnesizrm se, - - - - 4°323 
Calcium - - - - 4070 


+ A similar observation had been made previously by Professor Letts though the method of experiment 
was different. 
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For this purpose an apparatus was constructed consisting of a carbonic anhydride 
generator (Kipp) connected with a wash bottle containing water and a second one 
containing a mixture of carbonate of soda and ferrous sulphate (to remove possible 
traces of oxygen) and finally with a flask provided with a cork and two tubes 
which contained water and ferrous sulphide. The purified carbonic anhydride 
bubbled into this flask through a tube passing nearly to its bottom, and could either be 
allowed to escape through a shorter tube or this latter could be plugged. 


The method employed was as follows :— 


All the various parts of the apparatus were first filled with CO,. The ferrous sulphide 
was then prepared and transferred to the flask made ready for it by means of a litre of 
air-free water which had been saturated with CO,. A rapid current of CO, was then 
passed through the contents of the flask for about 10 minutes, and finally the shorter 
tube was plugged. On account of the rapidity with which the ferrous sulphide is oxidised 
by contact with the air no attempt was made to weigh it, but the quantity precipitated 
from excess of ferrous sulphate solution by 10 ce. of a particular solution of colourless 
ammonium sulphide (freshly prepared) was rapidly washed and transferred to the flask 
with as little loss as possible, the amount transferred being determined volumetrically 
afterwards (see below.) The flask had a capacity of about 14 litres, so that there was 
about $ litre of CO, above the liquid. As the CO, was absorbed the pressure above 
the liquid decreased and more gas bubbled in, keeping the solution saturated. The 
sulphide flasks were kept in an incubator at 35°C., the rubber tubing connecting them to 
the gas generator passing through a small hole in the top. The apparatus was left 
undisturbed until all absorption of the CO, had ceased, which required about eight days. 
The sulphide flasks were then disconnected and the free H,S and undecomposed Fe S 
determined in the followmg manner. 


10 cc. of the clear supernatant liquid were run into excess of standard iodine solution 
(1 cc. =-2 mgm. H,§8) and titrated back with sodium thiosulphate of the same strength. 
Next the flask was well shaken in order to distribute the Fe S evenly throughout the liquid, 
and, still shaking, 10 cc. were withdrawn and run into excess of strongly acidified (with 
H Cl) iodine solution, the excess being determined as before. 


The first determination gave the amount of HS set free, the second the H,S equivalent 
of the Fe S originally present. 


No. (1)—Fe S + distilled water :— 
HS originally present (as Fe S8)=175 mgm. 
HS evolved (free) =v O se, 
No. (2)—Fe S + sea water :— 


HS originally present (as Fe $)=178°5 mgm. 
H,S evolved (free) ones Grae eee 


The above figures show that quite eneugh sulphuretted hydrogen can be obtained 
from the action of CO, on Fe S to cause a serious nuisance. Probably the reactionis a 
reversible one, namely :— 


Fe § + 2 CO, + 2 H,O z 





> Fe (H CO,), + HS 
The ferrous sulphide used was liable to contain traces of its oxidation products, but 
these would only reduce the amount of H,S evolved. 


The decomposition of the ferrous sulphide in oceanic deposits by CO, has been fre- 
quently denied, but in the light of the above experiments there cannot be any doubt that 
this reaction takes place ; though probably much less readily than the decomposition of 
the sulphides of the alkali and alkaline earth metals by CO,. 


(3) EvoLuTION oF SULPHURETTED HyDROGEN FROM Fou, Mup* KEPT IN CONTACT WITH 
A SATURATED SOLUTION oF CaRBonic AcID. 


While the above experiments with FeS were being conducted, another flask, containing 
100 grms. wet mud and 1 litre distilled water was also treated with carbonic anhydride 











* For the composition of the mud employed, see pp. 130-131. 
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in'the same manner. The mud was part of a sample collected from Belfast Lough close 
to"the pumping station of the sewage works (Sample No. 1). The free H,S at the end of 
the experiment was determined as before, but the total sulphide was obtained by strongly 
acidifying the liquid containing the mud, allowing 1t to stand overnight in a stoppered 
bottle containing no oxygen (the space above the liquid being filled with CO,) in the 
incubator and then determining the H.S in the usual way. 


100 grms. wet mud=60°4 grms. dry mud and 1,000 cc. distilled water. 
HS originally present (as FeS, etc.) =83°6 mgms. 
H.S evolved - - - : - =66°0 .,, 


There is a remarkable difference in the amount of the sulphide decomposed in this ex- 
periment and in those where pure Fe S was used. Perhaps some of the H,S evolved here 
was due to other causes, such as bacterial action, or the presence of other sulphides, such 
as Oa S or Mg S—which seems more probable. 


* * * * * + 


In order to ascertain to what extent Fe S is decomposed by dilute fatty acids, the 
following experiment was at Professor Letts’ suggestion performed by me. 


An aqueous solution of normal butyric acid containing 2 grams per litre was mixed 
with an excess of recently precipitated and washed Fe 5. Two bottles were then 
completely filled with the mixture and stoppered. Portions of the clear liquid were 
eventually pipetted off and the sulphuretted hydrogen which they contained determined. 


The following results were obtained :— 
(1) after 36 hours - - - - - - - 27 mgs. HS: per litre. 
(2) Gotten pe ee - - ; - - - 42 


9 9? 


An experimeni was also performed as under with the fermenting Ulva :— 


(4) SULPHURETTED HypROGEN PRODUCTION FROM PUTREFYING 
GREEN SEAWEEDS. 


Professor Letts and Mr. John Hawthorne have shown* that when Ulva latissima 
ferments In sea water, two distinct but consecutive changes occur. In the first of these 
CO, + H, + fatty acids are formed, while later the residue of the seaweed blackens and 
H.8 is evolved. Before reading Beyerink and Van Delden’s papers the view was 
expressed that this H,S might owe its origin to the action of the fatty acids on the FeS 
subsequently formed. 


A 6-oz. flask was filled with the seaweed and sea water, placed inan incubator at 80°F., 
and the seaweed allowed to ferment until it was judged that no more hydrogen came off, but no 
H.S was detected and the liquid was strongly acid. This liquid was poured off and keptina 
small flask néarly filled with it in the incubator. It soon blackened and gave off abun- 
dance of H.S. After some time its reaction was found to be alkaline. On evaporating 


the filtered liquid to dryness and adding strong sulphuric acid to 'the residue the odour 
of butyric acid was apparent. 


After pouring off the above liquid from the partially decayed seaweed, the flask con- 
taining the latter was again filled with sea water which soon became strongly acid. After 
some weeks sulphuretted hydrogen began to be evolved and the liquid was still acid. 


The results of this experiment appear to indicate that the view expressed originally 
by Professor Letts and Mr. Hawthorne is at least in part correct, viz., that fatty acids are 
first produced by the decomposition of the seaweed, while later and by a distinct fer- 
mentative action (no doubt duced by M. Hstuarii) ferrous sulphide is produced which 
is then partly decomposed by the fatty acids. The gradual neutralisation of the latter 





* Proc. Roy. Soc. Edinburgh, XXII, pp. 268-295. 
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with the subsequent appearance of alkalinity in the solution can be explained if it is as- 
sumed that the potassium or sodium sulphate present in the seaweed or sea water is reduced 
to sulphide and eventually to carbonate and sulphuretted hydrogen by the carbonic anhy- 
dride generated in the fermentation. Thus while the fatty acids cause the evolution of 
some sulphuretted hydrogen, carbonic anhydride probably also contributes to its formation.’ 


* *% *k % * * 


The foregoing experiments, while incomplete, at least. prove that ferrous sulphide is de- 
composed by carbonic anhydride in presence of water. 


The following scheme may be tentatively suggested as probably indicating the prin- 
cipal changes occurring : 


MSO, y Organic matter and MS 


(1) Sea water = #+@O, + H,O + NH; 


M’SO, M. Estuari ONES 
2) Ges + 200, + 2H,0 = (e100), + HS 
Spee PenFo0, + Rermentingonmnlc meter APO wo 
Ge ey Has ct (recom, - {res 3 21,0 








Pee ec, + 20,0 — > Fe(HCO,), +. 9 


where M’ is a metal of the alkalies and M” an alkaline earth metal. 


The reduction of ferric oxide or hydrate is usually represented as being caused by the 
sulphuretted hydrogen, with separation of sulphur, but in a strictly anerobic fermentation 
such as that induced by MM. Hstuaris it seems probable that any ferric compounds would be 
reduced to the corresponding ferrous compounds before the sulphates would be attacked.” 


* *% % % *% * 


- [In relation both to the above experiments and observations of Mr. McKee, and to the- 
question of sulphate reduction by micro-organisms also, it is of interest to investigate the 
matter from the thermo-chemical side, and for this purpose the following data may first 
be given. 


Thermochemical Data. 


Heat of formation of :— 





(1) Dissolved Potassium Sulphate. Dissolved Potassium Sulphide. 
, K,, O, H,O = 165-2 Cal. K,, 8 = 113°5 Cal. 
Sa H,O = 141°1 ” 
Pi gol el pa a li Ped 
Seti 4, 
-- Heat of formation of K,S from K,SO, 
EIS bee B87 7 =) = 2242) Cak 
(2) Dissolved Sodium Sulphate. Dissolved Sodium Sulphide 
ree) Lobe top. o Cal Na, S =" 104°3 Cal. 
S'0;, H,0 ="141'1_ ,, 
INaHO, di,SOvt=o78Li74ii,, 
GLO 


*, Heat of formation of Na,S from Na,SO, 
104°3 — 328°7 = — 224°4 Cal. 
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3) Dissolved Calcium Sulphate. Dissolved Calcium Sulphide. 
Sa Ca, O, HO = 149°6 Cal. Ca, 8, (Aq) =9771 Cal. 
SO, H.0°= “Ta; Solid Calcium Sulphide. 
Ca(OH),, H,SO, = 31°2_,, Ca, S=90°8 Cal. 
3219 ,, 
- Heat of formation of CaS (solution) from CaSO, (solution) 
97-1 — 321°99 = — 224°8 Cal. 
and Heat of formation of CaS (solid) from CaSO, (solution) 
90°8 —-321°9.= — 231-1 Cal 
(4) Dissolved Magnesium Sulphate. Solid Magnesium Sulphide. 
Mg, O, H,O = 148°8 Cal. Mg, S=79°4 Cal. 


S)0, HO. 25140 ee 


Mg(OH),, H,SO, S1co ue 

BO Lae 
.. Heat of formation of MgS (solid) from MgSO, (solution) 
794 — 3211 = — 241°7 Cal. 


Heat of combustion of asparagine = 448 Cal. 
Heat of formation of ammonia (dissolved) = 21 Cal. 


From the above data it is seen that the amount of energy which must be expended in 
thejreduction of the sulphates of the four metals increases irom potassium to magnesium, 
and hence it would seem probable that in a mixture of the four sulphates the potassium 


or sodium compounds would be reduced first and the calcium and magnesium compounds 
last. . 


This would account for the considerable alkalinity noticed in all the (polluted sea) mud 
samples we examined qualitatively, and also for the alkaline carbonate produced in Mr. 
McKee’s experiment No. 4, p. 124. 


_ Regarding the thermochemical relationships in sulphate reduction by micro-organisms, 
it may be assumed that in this experiment of Mr. McKee’s (where the only organic 


nourishment supplied was asparagine) the reaction in all probability occurred in the 
following manner :— 7 


R,SO rt R,S 
2(C,H,N.0s) +3 {R'SO. =4NH,+2H,0+8CO, + 31 RIS 
which from the thermochemical standpoint may be treated thus :— 

Heat of combustion of 2 gram molecules of asparagine, less heat of formation of 4 gram 
molecules of ammonia gives the available energy for the sulphate reduction, that is to say : 
(2 x 448) — (4 x 21) = 812 Cal. 

Heat required for the reduction of 3 gram molecules of sulphate into sulphide :— 
Potassium sulphate - - 


Bs 3 = - - 3X 224°2=672°6 Cal. 
Sodium = - Z : a ‘ 4 - 3204.54 673 ee 
Calcium . : x ~ a eat : - 3X224°8=674°4 ,, 
Magnesium ,, - - . - - - - 3X241°'7=725'1 ,, 






which leaves a considerable balance of heat evolution—no matter which sulphate is 


reduced. We are therefore unable to agree with Professor Hartley in the statement 
already quoted on p. 119]. 
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APPENDIX TO DIRECT NUISANCES. 





ON CERTAIN PROPERTIES OF FOUL MUD. 


During our tour of inspection of some of the chief estuaries in England, we were much 
struck with the extraordinary amount of mud in suspension in the tidal reaches of certain 
rivers, and more especially in those of the Thames, Usk and Humber. 


It seemed to us that the intimate commingling of the river water with its bed, caused 
by a rapid current on the one hand, and finely divided particles on the other, must lead 
to fairly rapid chemical changes in the water—supposing the mud or silt forming the river’s 


bed to be polluted. 


This suggestion led us to the consideration of the following questions, which, however, 
we have only been able to submit to but slight experimental investigation. The results, 
however, appear to us to be of sufficient interest to warrant their publication. 


The preliminary experiments were entrusted to Mr. James L. McKee, and the follow- 
ing is an account of his work. 


1.—LocALITY AND ANALYSIS OF THE DeEpostts.* 


“Sample 1 was collected at the Antrim side of Belfast Lough about 100 yards from the: 
shore and close to the pumping station. 


Sample 2 was collected in the Timber Pond near Duncrue Street, Belfast, at the north 
end, near the outlet into the outer timber pond, into which the storm overflow of the main 
sewer discharges. 


Sample 1 was black and slimy in appearance and had a strong odour of sulphuretted 
hydrogen. A surface exposed to the air quickly €urned grey from oxidation. The sample 
contained a large number of small worms which apparently required oxygen as they con- 
tained red blood. Forthe oxygenthey would have to come to the surface, or to the water: 
at some distance from the mud, as the latter quickly absorbs oxygen. 


The mud was stored in wide mouthed stoppered bottles which were originally quite 
full. After it had remained in these for a few days the worms came to the top and they 
were taken out and thrown away. Before removing a portion of the mud for analysis. 
the upper layer (which was liable to oxidation) was discarded, and when a bottle had been_ 
opened once or twice its use was discontinued. 


The total amount of nitrogen was determined by Kjeldahl’s method. A portion of the 
mud was transferred to a porcelain dish and dried in an air oven at 110°C. It was then 
gently powdered by means of a pestle, care being taken not to crush any small stones 
present, and was sifted through a piece of wire gauge. About 1 grm. of the sifted mud 
was weighed into a hard glass flask and 4 grm. crystals of potassium sulphate and 4 c.c.. 
con. sulphuric acid were added. The flask was then heated over a ring burner for four 
hours, cooled, and the contents, now colourless, rinsed into a distilling flask by means. 
of 200 ¢.c. ammonia free water. The solution was rendered alkaline by a measured volume. 
of caustic potash solution, and 100 c.c. distilled over. 


‘The distillate was then nesslerized in the usual way. A blank experiment was 
performed using the same quantities of the various reagents. 


Total nitrogen thus found = 447 parts per 100,000, or 0°447 per cent. 


A portion of the dried and sifted mud was ignited in a porcelain crucible over a small 
Bunsen flame for six hours. Then moistened with ammonium carbonate (to reconvert 
any oxide of calcium produced into carbonate), the moisture carefully driven off in an 
air bath, and the crucible reheated to redness for a few minutes. 





* The deposits are those referred to in Mr. McKee’s experiments described in the preceding pages. 
6225--Ap. VI. S 
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There was a negligible gain after this latter treatment. 


Mud taken- - - 1°8862 grms. 
Loss in weight - ‘2325 ,, 
or 12°32 per cent. 


The moist mud gave an alkaline reaction with litmus. As this result was rather un- 
expected* and also of some importance in the problem of the causes of the sulphuretted 
hydrogen evolution, a number of foul mud samples from various parts of Dublin Bay and 
Belfast Lough were also tested. ) 


In every case the reaction with litmus was found to be alkaline. 


In order to discover the source of the alkalinity a quantity of mud (Sample 1) was 
extracted with water. The extract was evaporated to dryness, the residue boiled with 
distilled water and filtered. The filtrate was again evaporated to dryness and the residue 
was then found to have an alkaline reaction and to effervesce with hydrochloric acid. The 
mud therefore contained an alkaline carbonate. 

Next 100 germs. of the wet mud were taken, about 250 cc. distilled water added and the 
mixture, after being thoroughly stirred, was transferred to a large filter and allowed to 
drain for some time. : 

The residue was washed once or twice and the filtrate and washings evaporated to dry- 
ness. This residue now obtained was again treated with boiling water and filtered. The 
filtrate was titrated with = hydrochloric acid. 


It required 2°2 cc. 
Corresponding to 2°2 x +0022 = 0:0048 grms. CO,. 


The mud contained 39°6 per cent. moisture and therefore the dry mud contained 
see = 0'008 per cent. CO, in combination with alkaline oxides. 


Summary of Results. (Mud Sample 1—dry.) 


Total nitrogen - - - . - - - ©°447 per cent. 
Loss on ignition - - - - - - « 12239 - 
CO, as alkali carbonates - = - - - =, 0: 008) ai 


Sample 2 was very similar in appearance to Sample 1, but smelled slightly of paraffin 
oil. . 


The total nitrogen was determined in the same manner as before and was found to 
amount to 0°988 per cent. 


The loss on ignition was 21°54 per cent. 
The moist mud was alkaline to litmus. 


The amount of sulphide in this sample was ascertained in the following way. 
3 grams. of the wet mud were washed into a 100 c.c. flask (previously filled with carbon 
dioxide) with airfree water. 5c.c. concentrated hydrochloric acid were added and the flask 
filled up to the mark. After shaking, the mixture was allowed to settle and 25 c.c. were 
pipetted out and run into excess of iodine solution. The excess of iodine was then titrated 
by es of a sodium thiosulphate solution of equivalent strength. (lc¢c. = 0-2 mgs. 
ate 


25 ¢.c. required 5 —2°38 = 2°62 ¢.c. of the iodine solution = 0°524 mgs. H.S. 
3 germs. of the wet mud=0°524 x 4 = 2,096 ,, _.,,, 
The mud was found to contain 25 per cent. of moisture 
. 2°25 grms. dry mud = 2°096 mgs. H,S 
and ae = oe 100 _ 93.4 mes. HS. 
Assuming that all the sulphide in the mud was present as ferrous sulphide, the sample 
contained 0°25 per cent. of the latter compound. . 


) bP) ” 











* a ois time when the experiment was made which was antecedent to Mr. McKee’s work recorded a few 
pages back. 
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Summary of Results. (Mud Sample 2—dry.) 


Loss on ignition = him lepers - - - 21°54 per cent. 
Total nitrogen - - - 3 zi : “ - 0°99 2, 
Ferrous sulphide, about - - - - - - 0°25 » 


2.—Loss oF DISsOLVED OXYGEN FROM WATER IN CONTACT WITH THE ABOVE-MENTIONED 
Mup SAMPLES. 


Method.—About 2 litres of tap water were shaken in a Winchester quart bottle with 
repeatedly renewed air for ten minutes. The bottle to be used in the experiment was 
then partly filled with the aerated water, the remainder being poured into a wash bottle, 
and both bottles placed in an incubator at 80°F. for twenty-four hours. At the end of 
this time 20 grms. wet mud were weighed into a porcelain dish, the large bottle was taken 
out of the incubator, and the mud was quickly washed into it by means of the water in 
the wash bottle and filled to the brim. It was then tightly stoppered, well shaken, and 
returned to the incubator. The barometer was now read, and the water was assumed 
to be saturated with air at the temperature of the incubator and at atmospheric pressure. 
At the end of the period of incubation the dissolved oxygen remaining in the water was 
determined by the method given by Dr. Letts and Mr. Blake (Scientific Proceedings of 
the Royal Dublin Society, Vol. IX., part IV., No. 33, 1901). 


Temperature of incubator 80° F. 26°66 C. 
Barometer - - - - . 76°55 cms. 


At 26°66°C. and 76°55 cms. distillegd water saturated with air contains 5°85 C.c. 
dissolved oxygen per litre. | 


Experiment 1. Period 3 hours. Mud Sample 1. 


Dissolved oxygen originally present in the volume of 





water taken (1660 c.c.) : - - - 9°71 c.c. = 5°85 c.c. per litre. 
Ditto found after contact with the mud - - A O8 ISS ARR ott [a epee ae 
Dissolved oxygen disappearing - - - - Sabo CC. =e O49 6.6.51. 5, 


Experiment 2. Period 64 hours. Mud Sample 1. 


Dissolved oxygen originally present in the volume of 





water taken (1720 c.c.) - - - = 10°06’ ¢.c. = 5°85 c.c. per litre. 
Ditto found after contact with the mud~ - - EES Pees Mae sO okt da ocx 
Dissolved oxygen disappearing - - - ° Be BLOM G.C. = 13 6076.67 ee, 


Experiment 3. Period 10 hours. Mud Sample 1. 


Dissolved oxygen originally present in the volume of 





water taken (1720 c.c.) - - - - 10°06 c.c. = 5°85 c.c. per litre. 
Ditto found after contact with the mud : ‘ Eel ary 2) VOUS eet eteees 
Dissolved oxygen disappearing - . - - = FOr O2/ CCR GIO Nie. A Bagg 
Percentage of the oxygen originally present which was absorbed :— 
- In .3. hours In 6 hours In 10 hours 
42°5 | 61°5 88°7 


The mud contained 49°8 per cent. moisture, therefore in each bottle there was a 
quantity containing 9°97 grms. dry mud. 


Determinations for shorter periods than three hours are extremely difficult, owing to 
the large amount of suspended matter which does not settle readily. 


Experiment 4. Period 3 hours. Mud sample 2 





Dissolved oxygen originally present in the volume of © ~~ Sa Pee 
water taken (1660 c.c.) - - - - 9°71 c.c. = 5°85 c.c. per litre. 

Ditto found after contact with the mud 2 . cpg tas 2 il ay 51) ally ie a ae 

Dissolved oxygen disappearing - = -. - - 7°55 ¢60.=4°55 cc. ,, 4, 
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Experiment 5. Period 6$ hours. Mud Sample 2. 
Dissolved oxygen originally present in the volume otf 


water taken (1660 cc.) - . : - - 9°71 ¢.c,=5"86 ce per litre: 
Ditto found after contact with the mud - - - “50°, = 307 eee 
Dissolved oxygen disappearing - - - - - “O72]¢.ce 51550 Cy eee 


Experiment 6. Period =10 hours Mud Sample 2. 
Dissolved oxygen originally present in the volume of 





water taken (1720 cc.) -  - . - - 10°06 c.c.= 5°85 c.c. per litre. 
Ditto found after contact with the mud = - - 917 Ss} ape ee 
Dissolved oxygen disappearing - - - - 9°89 c.c;=5775) C:0.0 are, 
Percentage of the oxygen originally present which was absorbed :— 
In 3 hours In 63 hours In 10 hours 
dahil, 94°9 98°3 


The mud contained 64 per cent. moisture, therefore in each bottle there was a 
quantity containing 7:2 germs. dry mud. 


The following experiment shows the relatively very large amount of oxygen these 
deposits can absorb. ) 


1 grm. wet mud from sample 2, containing $ grm. dry mud, was left in contact with 
991 c.c. aerated water at 80° F. for fourteen days. At the end of that period all the 
oxygen originally present in the water, =5°7 c.c., had disappeared.” 


[The following experiments were made by one of us with samples of Thames muds which 
were kindly collected for the purpose by Dr. W. W. Willoughby, Assistant M.O.H. for the 
Port of London, by permission of Dr. Herbert Williams, M.O.H. We may take the 
opportunity to express our thanks to both of these gentlemen for their kindness and 
trouble in the matter. 


The method employed was as follows :— 


A large supply of Belfast tap water was saturated with air at the temperature of the 
laboratory, by means of a water vacuum pump so arranged as to cause air to bubble 
through in a rapid stream. The aeration lasted for six hours a day and was continued ~ 
on three successive days. 


Samples of this water were then incubated at 80°F in partly filled open Winchesters 
(A) for 24 hours and (B) for 48 hours. 


Determinations of the dissolved oxygen in these were then made by the volumetric 
process.* 


(A) was found to contain - = - - - - - 5:79 c.c. per litre 
(B) was found to contain - - - - : - - 5°76 
Dittmar’s figure for distilled water saturated with air at 27°C 5°77 ,, ee 


It was therefore assumed that the water incubated for 24 hours at 80°C contained the 


correct air saturation amount for that temperature and that it was not changed by further 
incubation. 


In the experiments on the action of the mud samples, the procedure was similar to that 
already described by Mr. McKee. That is to saya series of stoppered litre bottles were 
nearly filled from the large stock of water (aerated at ordinary temperatures) and incu- 
bated without stoppers for 24 hours at 80° F. 


For each experiment a quantity of the mud sample was weighed out equivalent to 12°5 
grams per litre of water, and by means of a wash bottle full of the incubated water and a 
glass pestle, washed quickly from the dish (after comminution by the pestle) into the 
bottle, which was then filled to the brim, stoppered, and placed in the incubator. The 


contents of each bottle were thoroughly agitated at hourly intervals (which was not done 
in the case of Mr. McKee’s experiments. ) 


Finally alter the given interval, the bottle was removed from the incubator and a sample 


of the water syphoned off for the dissolved oxygen determination, and later a duplicate 
was employed for the blank determination. 


The analytical characters of the mud samples as well as their effects on de-oxygenating 
the water are shown in the following table. 


v9 99 





* See p. 221. 
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The preceding experiments indicate that the dissolved oxygen present in a given water 
may disappear with considerable rapidity if the water 1s in contact with foul mud, and 
there can be no question, we think, that this is a point of considerable practical importance 
in relation to rivers like the Thames, Humber, Usk, etc., which, as elsewhere stated, are 
very muddy and contain sewage solids. It seems probable that the low amount of 
dissolved oxygen found in the more polluted portions of these streams is due quite as 
much to presence of these solids as to the liquid parts of the sewage discharged into them. 


The importance of this point in relation to fishery streams is obvious. 


(3) Taz Destruction or NirraTes By Foun Mups. 


It is well known that nitrates are destroyed when in contact with a putrefying liquid, 
and one of us has made a somewhat extensive series of experiments on the subject— 
partly alone and partly in collaboration with others*—with the object of removing nitrates 
from sewage effluents, so as to deprive the latter of their fertilising properties as regards 
oreen sea weeds. 


We thought it of interest to ascertain whether foul mud would also destroy nitrates. 


The experiments were entrusted to Mr. J. L. McKee, B.A., who employed the same mud 
samples as he had used in his experiments on the deoxygenation of water which are de- 
scribed above. set we 


The following is an account of his work :— 


‘‘Series 1.—Twenty grams wet mud (Sample 1) were weighed into a stoppered bottle 
and 200 c.c. of the effluent from Sprinkler No. 1, Belfast Sewage Works, added. 


The bottle, which was about three-quarters full, was then well shaken and put into an 
incubator at 80° F. during the period of the experiment. At the end of this period the 
nitrates present were determined by reduction with zinc-copper couple and subsequent 
nesslerisation. The mud contained 53:2 per cent. moisture, so that in each bottle there 
were— 

9°36 grms. dry mud 

10°64 «4, water 
200 c.c. sprinkler effluent 


at the beginning of an experiment. 

Before commencing the above series of experiments, a determination of nitrate present 
in the sprinkler effluent was made (with the zinc-copper couple), when it was found to 
contain 1:74 parts nitric nitrogen per 100,000. 


In filling the bottles 200 ¢.c. of this effluent were diluted by the water in the mud to 


: 200 yee 
210°6 c.c. and therefore contained 1°74 x 210°6 = 1:65 parts nitric nitrogen per 100,000. 
The following are the results obtained :— 
Period of Incubation. Parts of Nitric Nitsogen 
per 100,000. 
0 hours 1°65 
1655, 1:07 
S0en 4 0°20 
Agee 0-16 


In the last two experiments of the series the possible error was about 0°05, and there- 
fore very large in comparison with the amount found. | | 


Taking the quantity of nitric nitrogen originally present as 100, the results are— 


Period of Incubation. Nitric Nitrogen. 
0 hours 100 
Vip ee ' 63°6 
Bye J L243 
48 hs 9°7 


a 


* See pp. 182-191. 
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Series 2.—The experiments on the destruction of nitrates by mud sample 2 were per- 
formed in the same way; but 200 c.c. of a solution of potassium nitrate of known strength 
were used instead of the 200 c.c. of the sprinkler effluent. The mud contained 74:6 per 
cent. moisture, and therefore in each bottle at the beginning of an experiment there were— 


5°08 grms. dry mud, 
14°92*” *~-” water, “and 
200 c.c. nitrate solution. 


TABLE. OF RESULTS. 





Period of incubation. _| Parts nitric nitrogen per 100,000.| Percentage of nitric nitrogen. 
0 hours 1-91 100 
Gee es, 1°64 86 
52, 16 | 8-6 
eee siya t, 3 06 2:2: 











These experiments show that nitrates are reduced with considerable rapidity by foul 
mud deposits.” 


4,—EVvOLUTION oF AMMONIA FROM Fout Mups. 


This is a question of importance in relation to the growth of green seaweeds and 
especially to that of the Ulva latissima (see Section 3, p. 139), and was of particular 
interest in connection with Belfast Lough (see Section 74, p. 227), the sewage of the city 
having been poured into the Lough in the crude state for a number of years, with the 
result that parts of its bed now contain an abundance of sewage: solids. 


A scheme of sewage purification is at present being carried out which will get rid prac- 
tically of the whole of the solids and of most of the ammonia. From the experimental 
evidence, it is this ammonia which has caused the growth of the green seaweeds in such 
abundance, the latter occasioning a serious annual nuisance when they drift ashore and 


putrefy. : 


The purification of the sewage ought then to lead, if not to the entire. suppression, at 
least to a very substantial abatement of the seaweed nuisance. 


But if the sewage solids which have been thrown into the Lough in previous years slowly 
evolve ammonia, the seaweed nuisance will probably continue until that ceases. 


It was therefore decided to submit the question of ammonia evolution from foul muds 
to investigation, and the work was entrusted to Mr, J. L. McKee, B.A., who carried out the 
following experiments, with the same mud samples as he had used in his previous work 
on dentrification and deoxygenation. The following is an account of his work :— 


“ Series 1.—Quantities of wet mud (Sample 1) were weighed into three stoppered bottles. 
each of about 250 c.c. capacity, such that when filled to the brim with sea water they 
contained 20 grams of the mud per 100 c.c. The bottles were labelled 1, 2 and 3, and 
samples for analysis were always taken from 1. 


The latter, from which the portion for analysis had been taken, was then filled up from 
2, which was in turn filled up from 3. Thus 1 and 2 were kept out of contact with air 
and very little of the liquid in 3, which no doubt gradually became aerated, reached the 
bottle from which the samples for analysis were taken. 


10 cc. was the quantity withdrawn in all the determinations of the free ammonia, 
except the last two, where 5 c.c. were taken. ; 


The bottles were kept at the ordinary temperature of the laboratory, and were well shaken 
from time to time. 7 
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The first determination was made as soon as the mud had settled, and as those sub- 
quently made were performed in exactly the same manner, the first alone will be 


described in detail. 


10 c.c. of the clear supernatant liquid in 1 were transferred by a pipette to a distilling 
flask, 200 c.c. ammonia-free water added and 100 c.c. distilled over. 


The distillate was then nesslerized in the usual way. The free ammonia in the sea water 
used was also determined, and the amount found has been deducted from the results of the 
analysis of bottle 1 shown below. 


The moisture in the mud taken was determined by drying a weighed portion at 110°C. 


until the weight became constant. 
The moisture found amounted to 55°9 per cent. 


20 x 44:1 
The bottles, therefore, contained ———_—— = 8°82 germs. of dry mud per 100 c.c. 
of mixture. 100 


TABLE OF RESULTS. < 


Interval in days | Parts of ammo- 





ma Date. Time. ‘| since series was | niacal nitrogen 
started. per 100,000. 
1905. 
Sea water See: — oe a 0°01 
Bottle 1 - - - - . -| November 30 3 p.m. 0 1:37 
5 - - - - - -| December 1 3 p.m. - 15 
9 : z 2 - a 4 3 p.m. 4 2°54 
a 3 : . : : . a 7 4.30 p.m. 7-05 3°07 
4 - : - - - - pee! 11 a.m. 10°8 3°69 
Mee Eg ss wads 9.30 p.m. 14-25 513 
: BES RE MN pete oe sc ee at Ke 11 a.m. 17-8 5°74 
1906. 
: #7 owe nies ina ee - -| January 9 — 40 5:99 


These results have been plotted on squared paper and the curve shows a curious 
diminution in the rate at which the ammonia was evolved about the seventh day from the 
commencement of the series (see curve attached). 


This will be referred to again when the curve for sample 2 is being discussed. At the | 


end ofthe series 8°82 grms. (calculated as) dry mud had evolved 0:006 grms. ammonia, or 
0°068 per cent. 


The mud contained 0°447 per cent. nitrogen, so that rather more than one-seventh, or 
15°21 per cent., of this had been evolved as ammonia. 


Series 2.—The same methods and quantities as were used in the case of Sample 1 were 
also employed with Saniple 2, but the bottles were kept in an incubator at 80° F. and the 
first determination made immediately after they were filled. In making this first deter- 
mination 10 ¢.c. were withdrawn from bottle 3 by a pipette and washed into the dis- 
tilling flask through a filter by means of 200 c.c. ammonia-free water. 100 c.c. were then 
distilled and the distillate nesslerized in the usual way. The result obtained in this first 
estimation has been deducted from the results of the analyses of bottle 1 shown below. 
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TABLE OF RESULTS. 





Interval in days | Parts of ammo- 





ane Time. since series was | niacal nitrogen 
started. per 100,000. 
1906. 
Sea water - - - - . - January 15 — — 0°01 
Bottle 1 - - : - - - 7 15 12 am. 0 0:03 
ee - oo : Pr 16 * 1 1°72 
5 = Se Paes | ; ! 2°64 
- ee) - - - FP 18 : 3 3°18 
= - - = = rs 19 fr 4 3°88 
P eee - hhh “ 20 5 p.m 52 4:91 
‘r - - - - : - = 22 12 am 7 5-01 
a - -  - Eee - 5s 24 fe 9 5°63 
———— = - - Fa 29 * 14 7:48 
4 - - 5 - - - February 3 7 p.m. 19°3 7:48 





The mud contained 74:6 per cent. moisture, therefore in each bottle there was a quantity 
20 x 25°4 


100 


Thus 5°08 grms. (calculated as) dry mud had evolved 0°00748 grm. ammonia, or 0°147 
per cent. 


containing = 5°08 germs. dry mud per 100 c.c. 


This mud contained 0°99 per cent. nitrogen, so that rather more than one-seventh of 
this was evolved as ammonia. 


By comparing this with the result on page 136 it will be seen that almost the same 
proportion of the total nitrogen was evolved as ammonia in the two cases. 


The exact figures are :— 


Percentage of total nitrogen Sample 1 - - 15°2 per cent: 
evolved as ammonia ete: ae 2 : 14°8 < 


From the curve attached it will be seen that the rate at which the ammonia was evolved 
decreased considerably between the fifth and ninth days, and afterwards increased. A 
similar result was obtained before (page 136), but as the bottles were not incubated it 
might have been due to changes in the temperature. 


In this case, however, no such explanation can be advanced. 


Certain changes in the appearance of the liquid in bottle 3, which contained an increas- 
ing amount of air as the series of determinations proceeded, perhaps throw some light 
on this point. 


After a short time (about two days) a white scum formed on the surface of the liquid. 


This was broken up each time the bottle was shaken, but always formed again. It was 
there on the fifth day, but on the following day it had not returned and the liquid was 
quite turbid and remained so during the time the experiments lasted. 


These facts point to a bacteriological explanation, but more cannot be said in the 
present state of the investigation. 


On January 24th the ammonia in bottle 2 was estimated at the same time as the 
ammonia in bottle 1. The difference between the two results was less than the error of 
experiment, so that the partly aerated liquid imtroduced from time to time from 
bottle 3 apparently did not affect the ammonia evolution in bottle 2 appreciably.” 


HA. E. 


6225.—Ap. VI. T 













eo © 2h) a 2 ee? os me at 
e.. eS = 
oad a 
‘ 
> 
a A i ta 
RP. TAs 
7 
; ect 
CFP Etiy ; “7g 
3 
sets ‘ 
"; ‘ ‘ ' 
. 
“ i 
; 
bias 
obi, + 
<. 
Le 
. } ty 
4 5 . 
% iF v 
{ ns 
a i ‘ " eae 
a .: & 
i x 
e, 
xf ns ” 
MET Ate: css. ~ a = 
> hus piety - - Shea 
ee cath a . Tope oh: 
aT het diese ee q ip es 
ae Vee 
} 
1.4 
ae 
- 


Seid cates oc Hias.3, WO waey fidt, anaes 
nega ews addi fi: pinennats eho Hots REN; 


¢ J r ) v re 
‘ ‘ i oe FG Anche are 9h ° _ ie 
+ an See, - } " as % Ih 
; x 2 H $= hte = iy me aN, ¥y 4dive 
Gag on Ags Sek Ak RAIL oy PID 
; Fe: ; a esl * Z ‘ 
‘ f ~ bs =. te? rie = . 








ety anegeaae Poke i athe. ithe toe eae 
a insta. (his eta he (hia td fay $0) apes 
open acttten af ths cata OEE 5 uae Fi eraksd iin 
paths Sedan te nage 3 sat cae tritet ost eee) anak 


i 
fs bps ~4 > Phelan wins By otis 


am tT eon | om 4 


+ ahh rutay oe oh p09 fio fy 


; bith 


ee Be ef ie: te alttodini b bitpik: 


pe eo WEL 4 aime 


rier eee Gangetr Lg: 20% rags 


* ae ~~ & 


AS Pipes a 


oy ot nits aire och we bi 
tose ont eas wal: ee 





139 


SECTION 3. 


NUISANCES CAUSED BY CERTAIN GREEN SEAWEEDS AND 
INDIRECTLY BY SEWAGE. 








SOME GREEN SEA WEEDS 


(PRESSED SPECIMENS) 


ROOT 





ULVA LATISSIMA — YouNnc FrRoNDS 





ENTEROMORPHA COMPRESSA ENTEROMORPHA 
(GROWING IN SEWAGE EFFLUENT) INTESTINALIS 


* 





ENTEROMORPHA INT 
ea ESTOS ZOSTERA MARIN 


(SEA GRASS) 


52s os. 
Weller&Craham.L® Li 
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NUISANCES CAUSED BY THE GROWTH IN LARGE QUANTITIES AND 
SUBSEQUENT DECAY OF CERTAIN GREEN SEAWEEDS. 


In certain sea-side localities a nuisance at times of considerable magnitude is produced 
by the decomposition of masses of green seaweed, chiefly of the species Ulva latissima, 
but also of certain varieties of Enteromorpha, such as HE. compressa and FE. intestinalis, 
and as will be shown, there is every reason to believe that the growth of these seaweeds 
in quantity, and especially that of the ulva, may be traced to the pollution of the waters 
in which they are found, by sewage. Fora number of years a most serious nuisance of this 
kind has occurred in the upper reaches of Belfast Lough during the summer and autumn, 
the stench at low tide being often quite overpowering, and the air heavily charged with 
sulphuretted hydrogen. 


A precisely similar nuisance, though not of the same magnitude, arises from the same 
seaweeds deposited on the sloblands in the northern portions of Dublin Harbour. At 
Southampton it occurs to a very considerable extent, more especially in the estuary of 
the Test River, and from our observations on the South of England coast, we believe that 
it must also be found occasionally at several other places, such as Plymouth (Plym 
Estuary), Falmouth, Exmouth, etc. 


At Chichester we have observed these green seaweeds in abundance, and we are under 
the impression that the nuisance they have given rise to has been mistaken for a nuisance 
caused directly by sewage, which has led to litigation. 


From the replies to the circular letter (see Appendix) it will be seen that a nuisance from 
this cause has also occurred at Barmouth, Cromer, Margate, Penzance, Southend-on- 
Sea (Southchurch Beach) and Teignmouth.* Among smaller localities, Robin Hood’s 
Bay has been mentioned} in Yorkshire—a small fishing village, where this seaweed 
(ulva) occurs in large quantities, is most offensive, and the smell at times almost 
unbearable, the whole sewage from the village discharging into the sea near the seaweed, 


This nuisance has, we believe, been often attributed to actual sewage matters 
deposited on the shore, but, as will be shown, there can be no question whatever 
that the varieties of green seaweeds named above can of themselves give rise to a 
nuisance of a similar character to that arising from foul sewage. 


The attention of one of us was first directed to this matter from the serious nuisance 
occurring in the upper reaches of Belfast Lough where green sea-weeds grow in abund- 
ance and especially the Ulva latissima, which in windy weather is washed ashore often 
in enormous quantities, forming banks which are frequently two or three feet thick, 
and extend at times for miles along the coast, especially on the southern side. 


Once deposited, these layers of weed often remain more or less stationary in the shallow 
bays or pools of the neighbourhood for months, and under these circumstances, and par- 
ticularly in warm weather, rapid putrefaction occurs, and a perfectly intolerable stench 
arises, which is perceptible over a wide area, and seriously affects, not only the com- 
fort of the inhabitants of the district, but the value of their property also. 


The investigation, { the results of which are described in the following pages, was origin- 
ally undertaken with the view merely of ascertaining the cause of the nuisance arising 


* The probability of a nuisance occurring at this place there can be no doubt of, as the wlva is very plentiful 
in the estuary of the Teign River. 
+ Hill. Interim Report of Royal Commission on Sewage Disposal, Vol. II [Cd. 686. ] 
{ The following papers have been published on the subject :— 
Letts and Hawthorne, B.A. Reps. (Bradford), 1899. =. 
te Ki a Proc. Roy. Soc Edinburgh, 1899-1901. 
b is 5 B.A. Rep; (Glasgow), 1901. 
»  » Lotton, “s (Southport), 1903. 
This section of our Report has been compiled partly from the above, and partly from work which has not been 
published. But the greater part has been taken from the second of the papers mentioned above. 
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from the sloblands of Belfast. But the inquiry gradually became more extended and 
eventually embraced not only a study of the chemical changes which occur when Ulva 
latissima ferments, but in addition, an examination of the composition and characters 
of the weed itself, the isolation of the products of its fermentation, and attempts to isolate 
the particular organisms giving rise to these products; and finally endeavours have been 
made to ascertain, both experimentally and by an examination of localities in which the 
seaweeds are either present in quantity or from which they are virtually absent, the 
relationship of Ulva latissima to the pollution of sea water by sewage. 


For the sake of clearness and convenience the results of the inquiry into these different 
questions will be given in a somewhat different order from that in which they were 
originally obtained. 


THE CHEMICAL CHANGES WHICH OCCUR WHEN CERTAIN GREEN 
SEAWEEDS FERMENT. | 


A nuisance arises from these seaweeds only when they are crowded together in such 
quantities that they are unable to exercise their natural functions (see p. 164), and when 
they are submerged in water, or at least constantly saturated with water. When dried 
they are quite inoffensive, and when not crowded together they grow vigorously in sea 
water,even under what would at first sight appear to be most unfavourable conditions. 
This is especially the case with the ulva, which continues its growth when uprooted, and 
even when its fronds are\torn by the battering action of waves and extensively 
perforated by the small gasteropods and other marine animals which feed on them.* 


The course of events when a nuisance is produced from these green seaweeds is as 
follows. During high winds or gales they are washed towards the shoref and are eventu- 
ally deposited in the shallows in layers, which, in Beliast Lough, vary from a few inches in 
thickness to two or even three feet. 


As the tide falls these layers are left in a waterlogged condition, and are again sub- 
merged by the incoming tide. They are thus kept constantly moist, and in warm weather 
soon putrefy. The fronds first become flabby, then gradually darken in colour, while a 
peculiar sickly smell is disengaged. Later the whole mass becomes a black pulp, from 
which sulphuretted hydrogen is freely disengaged, and later still a white or grey coating 
(presumably of sulphur) makes its appearance, the mass below degenerating into black 
mud which is exceedingly foul, and has all the characteristics of sewage sludge. 


Experiments conducted in the laboratory on the exact nature of the fermentative 
changes led to the following results. 


A quantity of the fresh seaweed was carefully washed in several changes of ordinary 
tap water until free from shells and debris of various kinds,t and it was then distributed 
between two flasks, one of which was filled with tap water and the other with sea water, 


* The vitality of this green seaweed is very remarkable, as the following notes will show :— 

“The seaweed had been somewhat roughly treated. Originally collected near Dublin, the fronds were 
rolled into packets and sent by post to Belfast. By an accident they were left uncared for on their arrival 
for a week, and when examined several of them were found to be in an incipient state of decomposition. Some, 
however, appeared to be still healthy. These were well washed with tap water, trimmed with scissors (for cut- 
ting the seaweed does not appear to affect its vitality), and the pieces placed in fresh water in glass dishes. 
The experiments on their powers of ammonia absorption were made six or seven weeks after they had been 
collected,” and this sample of seaweed remained quite healthy for a year afterwards, although the water in 
which it was immersed was not once changed. 

In more recent investigations samples of the ulva were collected (in the detached condition) in the summer 
of 1904 and served for a number of experiments then. They were left untouched for a year in a glass dish 
merely covered with a sheet of glass and placed on the sill of a window having a northern aspect.. A year later 
the fronds appeared quite healthy (although the water had not been changed), and the experiments recorded 
on p. 159 were made with them. 

+ Under favourable conditions the Ulva latissima grows to an extraordinary size—fronds over three feet long 
and between one and two feet broad having frequently been found with attached roots in some salt marshes 
in the northern part of Dublin Bay, where (relatively speaking) they were not liable to disturbance by wave 
action. ,But in Belfast Lough most of this seaweed is found in a detached condition, and probably is uprooted 
when quite young by wave action. 


t The seaweed, as obtained from the Belfast foreshore, was nearly always infested with minute spiral shell- 
fish, which feed upon it and eat out circular holes. 
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care being taken to get rid of all air adhering to the weed. A well fitting (paraffined) 
cork was then attached to each of the flasks, and through the cork a gas delivery tube 
passed, which dipped into a small mercury pneumatic trough and under an inverted 
test-tube full of mercury. The flasks, with their attachments, were then left in the labora- 
tory at ordinary (winter) temperatures. 


After some six weeks the contents of the flask containing the wlva and sea water began 
to evolve gas, and a few days later they blackened, while those of the flask containing 
ulva and tap water gave off gas some days later, and no blackening subsequently occurred. 


Some of the liquid from the first flask was driven over along with the gas, and when 
the test-tube became full of the latter, the liquid escaped on to the surface of the mer- 
cury in the pneumatic trough. It was found to be strongly acid, and as it evaporated, 
smelt of butyric acid. The gases from this flask were examined after an interval of about 
three months had elapsed since starting the experiment, and were found to consist mainly 
of hydrogen, carbonic anhydride, sulphuretted hydrogen, and nitrogen. 


These preliminary experiments gave a distinct clue to the nature of the chemical changes 
which the weed suffers when it rots on the foreshore in a moist condition, as well as to 
the cause of the nuisance to which it then gives rise. 


It is clear that an acid is produced in the first stage of the fermentative processes, 
while at a later period, and probably by a distinct fermentative act, sulphides and sul- 
phuretted hydrogen are formed, either by the reduction of the sulphates present in the 
weed itself or in the sea water, or from the albuminoid substances contained in the 
former—these sulphides reacting on the iron compounds in the tissues of the weed to 
give ferrous sulphide. The latter would, no doubt, be attacked by the acid, with evolu- 
tion of sulphuretted hydrogen, and thence the nuisance (see p. 126). As a result of these 
preliminary experiments, it was decided to investigate the quantitative composition of 
the gases evolved from the fermenting ulva, and also to isolate and identify the butyric acid. 


To obtain the gases, the same arrangement was employed as before, only the flasks 
were placed as soon as charged, in an incubator at blood heat. Under these circum- 
stances gases began to come off in forty-eight hours, and were then rapidly evolved. 


The following analyses were made :— 


ANALYSIS OF GASES EVOLVED FROM ULVA LATISSIMA FERMENTING IN 











SEA WATER. 
I. Il. 
(Collected 5 days (Collected 12 days 
after incubation, after incubation 

at 37°C.) at 37°C.) 
Volume of gas taken - - - - - 14-0 ce. 16°55 
After addition of potash - - - SO tse 8°45 
. pyro - - - - oy cee Bs 8°45 
Oxygen then added -~— - - - oe LES 3 11°55 

After explosion - - - - - Spiiopy s = 7-65* 
BR ee MN eiite song te ie 8 8 LON Ga 8-10 
Ww bea - - - - - - - none none 
H, ppt OS Fi we = 3 = = : 78 cc. 8°23 
N, he bale ? Ss 5 > zr rc . 024;, 0-22 
14:0 ce. 16°55 

Percentage composition. 

COs - - - - - - - - - 42°8 ce. 48°94 
Fr ORB Ae! Gad oi ody ara 5B Tha 49-73 
a > : = : : : c ee 1:33 
100-0 cc. - “100-00 











* The gas remaining after explosion contained no CO,. 
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No sulphuretted hydrogen was present in the gases, which, as their analyses indicate, 
consisted entirely of carbonic anhydride and hydrogen. Owing to the solubility of car- 
bonic anhydride in water, it was to be expected that the gases collected at first would 
contain a lower proportion of this constituent than was actually evolved. Only when 
the liquid in the flask had become saturated with carbonic anhydride would the gaseous 
products of the fermentation make their way into the collecting tube in their proper 
proportions, and this state appears to have been reached when the second analysis was 
made. Its results show the carbonic anhydride and hydrogen to be present practically 
in the same proportions by volume or in equi-molecular proportions. 


The fermentation of grape sugar by the Bacillus butyricus is usually represented by the 
equation 


C.H,,.0, = 2CO, + 2H, + C,H,0, 


and, as already mentioned, before any gas analyses had been made the production of 
butyric acid had been indicated. 


A qualitative examination of the contents of the flask after fermentation gave further 
evidence of the production of the acid, for on distilling them with sulphuric acid an acid 
liquid passed over, and this, when neutralised with soda and evaporated to dryness, 
gave a solid residue, which, when warmed with strong sulphuric acid, emitted a distinct 
odour of butyric acid. Also when it was warmed with strong sulphuric acid and alcohol, 
the characteristic odour of butyric ether became apparent. 


We should probably not have pursued the question further had it not been for the 
results of a quantitative analysis of what we supposed to be calcium butyrate obtained 
as follows :— 


Some of the ulva was well washed and packed into a flask, which was then filled with 
sea water and the mixture fermented in an incubator at 37°C. until gas evolution ceased. 
The liquid was then strained off from the seaweed through a cloth filter, distilled with 
sulphuric acid, the distillate boiled with excess of calcium carbonate, filtered, and evapor- 
ated to dryness. Weighed portions of the carefully dried residue were then ignited with 
strong sulphuric acid, with the following results :— 


0:2546 grm. gave 0:1883 grm. CaSO,=0:0554 grm.Ca=21-°75Y Ca. 


0°3695 8 0:2681 . =0:0788 5 =D Saas 
Anhydrous calcium acetate requires 25°32 \ 5, 

a 55 propionate requires 21:50 eee 

eo sn butyrate ss 18°70 a 


These results indicated that propionic and not butyric acid had been produced, and the 
matter seemed worth further investigation, as there appears to be some doubt as to a 
propionic fermentation from crude vegetable substances, and it is certainly not men- 
tioned in modern chemical or bacteriological text-books. On the other hand, in the 
older chemical works such a fermentation is mentioned. Thus in Wurtz’s Dictronnatre 
de Chimie the following statements are made under the article Acide Propionique :— 


(1) Redtenbacher obtained propionic acid by exposing glycerine and yeast for several 
months at 20-30°C. [Lvebig’s Annalen, 57 (1845), p. 174.] 


(2) Keller, by fermenting bran and scraps of leather with chalk. [Lzebig’s Annalen, 
73 (1850), p. 205.] . 


(3) Putrefaction of peas or lentils gives propionic and butyric acids. [Boehme, Journ. 
prakt. Chem., 40 (1847), p. 278.] 


(4) Fermentation of calcium tartrate. [Noellner, Liebig’s Annalen, 38 (1841), p. 299. 
ee abid., 61 (1847), p. 343. Dumas, Malaguti, and Leblanc, Comp. Rend., 25 (1847), 
p. 781. 


(5) Propionic acid is stated to be produced by the fermentation of glycerine and of 
sugar under certain circumstances. [Strecker’s Lehrbuch der organischen Chemie, 5th 
edition (1867), p. 159.] 
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While in Richter’s Organic Chemistry (English translation, 1900) none of these methods 
are mentioned, the only process of a similar kind for the production of the acid there 
alluded to being the fermentation of calcium malate and lactate. 


_ It was therefore decided to prepare a quantity of the acid or acids which the ferment- 
‘ing ulva gives rise to, and to submit them to a careful examination. 


Accordingly, a considerable quantity of the well-washed seaweed was fermented with 
sea water at 37°C. in large flasks until no further evolution of gases occurred, which 
required about fourteen days. The resulting fluid was drained off from what remained of 
the seaweed and distilled with dilute sulphuric acid until traces of hydrochloric acid began 
to come over. The distillate was neutralised with caustic potash and evaporated to dry- 
ness, when about 25 grms. of solid residue were obtained. Experiments with weighed 
quantities of a known sample of potassium butyrate, indicated that the best method for 
extracting the acid was to treat a strong aqueous solution of the salt with sulphuric acid, 
and then to extract with ether ; distillation of the dry salt with concentrated sulphuric 
acid leading to considerable charring and loss. 


The dried residue was therefore dissolved in 80 c.c. of water, the resulting solution 
filtered and mixed in a separating funnel with 40 c.c. of strong sulphuric acid, when an 
oily liquid rose to the surface. The contents of the separating funnel were then 
extracted six times with well-washed ether, the ethereal extracts filtered and distilled 
from a water-bath. 


The remaining liquid was submitted to fractional distillation, and after three fractiona- 
tions, the bulk distilled over between 140-150°C. The lower boiling portions were 
treated with phosphoric anhydride and separately fractionated. 


They yielded three fractions, which were collected at the following temperatures :— 
(1) 110°-125° (2) 125°-150° (3) 150°-165° 


The main portion of the distillate from the first fractionation weighed 4°7 grms., and 
had an odour which closely resembled that of a known sample of propionic acid. 


It was boiled with water and barium carbonate until neutralised, the resulting solution 
filtered and evaporated on a water-bath to a syrup. Its behaviour now was curious. 
Some of the syrup was dissolved im a little alcohol and ether was then added, when it was 
reprecipitated apparently in the same condition. A drop of the syrup exposed for several 
hours also dried up to a gummy mass which refused to crystallise. But the main quantity 
of syrupy liquid suddenly solidified on stirring. The resulting crystalline mass was washed 
with cold alcohol two or three times and was then dried. It behaved in precisely the 
same way as a known specimen of barium propionate. Thus it readily dissolved in cold 
water ; and on adding alcohol to a concentrated solution thus obtained, brilliant crystals 
separated out, which, when examined under the microscope, had very characteristic 
forms, being either quadratic octohedra or combinations of the octohedra with quad- 
ratic prisms. Its analysis, however, showed that it contained small quantities of an 
impurity which obstinately adhered to it, as the following figures show :— 


Analysis of Barium Salt dried at 100°C. until of constant weight. 
(1) 0°5153 grm. gave 0°4190 grm. BaSO, = 0° 2464 grm. Ba = 47°8% Ba. 
[The salt had been washed several times with cold alcohol.] 


(2) 0°2000 grm. gave 01623 grm. BaSO, =0°09543 grm. Ba = 47°71% Ba. 
[The salt, after washing with cold alcohol, had been boiled with alcohol.] 


(3) 0°2648 grm. gave 0°2156 grm. BaSO, = 0° 1268 grm. Ba = 47°87°4Ba. 


[In addition to the treatment to which (2) had been submitted, this portion of the salt 
had been recrystallised from water by the addition of alcohol. ] 


(4) 0°3216 grm. gave 0°2622 erm. BaSO, = 0°1542 grm. Ba = 47:93%Ba. 


[This salt was obtained from the mother liquors of (3), but was recrystallised from 
water and alcohol.] 
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Obtained :—— Caleulated for :— 
(1) ee hGn2o8d7 80 Ba(C,H,O,)s 90-5 «F149 53°72 
(2) = = tA FeTd Ba(C,H;0,), - - 48-4] 
(3) - ee Wei 
(4) - Sie ad 3 Ba(C,H,0,) - - 44-05 


In order still further to identify the propionic acid, a quantity of the silver salt was 
obtained by decomposing a solution of 2 grams of the barium salt with the equivalent 
quantity of silver nitrate. The resulting white precipitate was washed on a filter until 
the washings gave no precipitate with sulphuric acid, and crystallised from hot water, 


Analysis of Silver Salt dried in the desiccator. 
(1) 0-232 grm. gave on ignition 0:1305 grm. Ag=56-257. 
(2) 0:0720 grm. 1 fs 0-0400 »» = O5B5Y. 
[obtained from the mother liquors of No. 1]. 
(3) 0-3633 grm. gave on ignition 0:2141 grm. Ag=58'987/. 
{obtained by further evaporation of the mother liquors from No. 2 | 


% Ag obtained :-— % Ag calculated for :— 
Dy SereNerren rae ASO OS? - 64°66 
(2) - 95°55 AgC,H,O, — - - 59°66 
(3) w= - 58°93 Ag(,H,0O, — - - 55°38 


It is evident from these figures that some butyrate clings obstinately to the propionate, 
and owing to its relative insolubility is precipitated first, the bulk of the propionate being 
found in the mother liquors. 


A qualitative reaction was next employed for the identification of the propionic acid. 


Tf this acid is boiled with excess of litharge and the solution allowed to remain in the 
cold for some time in contact with the litharge, a basic lead salt is produced, which is 
more soluble in cold than in hot water, and hence is precipitated on boiling the solution. 


Comparative experiments tried both with a known sample of propionic acid and with 
some of the fraction mentioned above, boiling between 125°-150°, give precisely similar 
results when submitted to this test, a white powdery salt being precipitated from each. 


The three fractions obtained from the lower boiling portions of the acids obtained 
from the fermenting ulva were examined as follows. 


A roughly graduated pipette was made, and with it the same volume—about 0°2 ¢.c.— 
of each of the fractions was removed, weighed, diluted with water, titrated with 2 
baryta, the titrated fluid evaporated to dryness, and heated at 100°C. until of constant 
weight, then ignited with sulphuric acid, and the resulting barium sulphate weighed. 


The following table contains the results, calculated in such manner as to be compar- 
able both with each other and with the theoretical quantities required for acetic, 
propionic, and butyric acid respectively. 


way Baryta Weight of ; 
Fraction hauietaben 10 dry Barium Percentage 0} 
required for salt from 100 Barium 
1 part of acid parts of acid 
110°-125" C. . 0°2430 grm. 126°1 177°3 50°68 
hegre 0°2332 129-1 189°7 48°54 
150 —165 ” 0° 2192 se: 113: 7 182°2 : 44-70 
C,H,0, requires 167:0 53°72 
CsH,O. F 135-0 48-41 
C,H30, ” 113-6 44°05 
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' Although these results are not entirely satisfactory or concordant, they certainly point 
to the occurrence of acetic as well as propionic and butyric acids among the products 
of the fermentation of ulva in sea water, but the identification of the former with cer- 
tainty was not possible, owing to the smallness of the low boiling fraction and the diffi- 
culties attending the separation of a given acid of the fatty series from a mixture with 
its homologues. But the boiling point and higher specific gravity of the low boiling 
fraction, as well as the percentage of barium found in the barium salt obtained from it, 
can scarcely be accounted for except on the assumption that it contained acetic acid. 


The above-described experiments on the fermentation of Ulva latissima in sea water 
thus afford evidence that at least three members of the fatty series of acids are produced : 
of these, however, propionic acid is formed in by far the largest quantity. 


THE COMPOSITION OF THE TISSUES OF ULVA LATISSIMA. 


The occurrence of the ulva in considerable quantities in localities where crude sewage 
makes its way into the sea, and the experiments just recorded on the products of its 
fermentation, raised several questions which rendered it advisable to make both an ulti- - 
mate and proximate analysis ofits tissues. Thus, if the growth of the seaweed in quantity 
is induced by pollution of the sea water by sewage, the seaweed itself might possibly 
be found to contain a higher proportion of nitrogen than is present in other species which 
luxuriate only in pure sea water. 


Again, as regards the products of its fermentation. What substance present in its 
tissues gives origin to the propionic and other acids? Is it a carbo-hydrate; and if so, 
what carbo-hydrate, and whence come the ferrous sulphide and sulphuretted hydrogen 
which are produced abundantly in the later stages of the fermentation ? 


ULTIMATE ANALYSIS. 


For the ultimate analysis a considerable quantity of the seaweed was collected, and 
each frond separately washed in tap water, and finally with distilled water. The sea- 
weed was then drained, pressed between filter-paper, dried in the air, and then in a 
desiccator until it was quite brittle, when it was reduced to a fine powder in a mortar, 
and the powder then dried in a weighing bottle. All the different determinations were 
made on portions of the same stock of seaweed thus treated. 


Ash.—To obtain the ash, weighed quantities of the seaweed were ignited in a platinum. 
crucible at as even a temperature as possible until the residue was of constant weight.. 
We give below all the results obtained, but may remark that (2) and (3) are probably 
too low, from loss of sodium or potassium chloride. 


. SC 
= 


(1) 0-6502 grm. yielded 0-1001 grm. ash=15:39 7 


(2) 0°4582,, we O0E67. 1. y= 14-66 8 
(3) 0:4753_,, » 00698 ,,.,, =14-68,, 
(4) 0-4958__,, Pee Ont iee Sie ee 1b ora 
(5) 0-3248 _,, 5 HO D409 aig oe SRB, 


Mean 15:07 ¥ 
Total Nitrogen—by Dumas’ method. 
(1) 0°5280 grm. gave 27°6 ¢.c. nitrogen at 16°C. and 764 mm. 


=26°21 cc. at N.T.P.=0°032836 grm. =6:22 ¥ 


(2) 0°1986 grm. gave 10°5 ¢.c. nitrogen at 19°C. and 764 mm. 
=9°87 c.c. at N.T.P.=0:01237 grm=6:23 ¥ 


(3) 0°7122 grm. gave 36°6 c.c. nitrogen at_17°C. and_764 mm. 
=34°63 cc. at N.T.P.=0-043382 grm.=6-09 7 
h Mean=6:18 ,, 
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Carbon and Hydrogen.—The powdered seaweed was ignited in a closed combustion 
tube with chromate of lead. 7 ; 


: 0:2937 grm. H,O=0-0326 grm. H= 5:33 

(1) 0°6127 grm. gavet o.7936 °,, CO,=02164 ,, O=35°32 , 
0-3075 ;, H,O=0-0342 ,, H= 5-21, 

(2) 06560 5, » 40.8413 } CO,=0:2294 ,, O=34-98,, 


Mean °/, of hydrogen= 5:27 
i carbon =35°15 


The composition of the tissues of Ulva latissima deduced from the preceding analysis 


is— 
Carbon - - - - - <  posko 
Hydrogen - : - 4 : Ae 5g +i | 
Nitrogen - - : : 2 “ alerts 
Oxygen (by difference) - - - - 38°33 
Ash - - - - - - - - 15-07 containing Beer ‘ i ee 
100-00 





Further investigations regarding the composition of the tissues of the ulva have shown 
remarkable variations depending apparently on environment, and that some other green 
seaweeds resemble it in this respect. The following analyses were made by Mr. J. H. 
Totton, B.A., at the suggestion of one of us :— ae 


COMPOSITION OF THE TISSUES OF CERTAIN GREEN SEAWEEDS. 





. : Percentage of Percentage of 
Variety and Locality Nitrogen rer 
Ulva latissima— 
From contact beds * - =e $= - - - - 8°94 9°41 
» Belfast Lough - - - - - - - 6°18 15°07 
» Larne Lough f- - : - - ° - - 3°01 29°00 
Enteromorpha compressa— 
From a sewage effluent *’- 0 S082) G29) eee) a8 tte 7°44 16°05 
»  uarne - Loughd ae a ets ee ee ee 1296 28°60 
Enteromorpha intestinalis— 
From brackish ponds near Belfast - ° - : - 1°58 51°78 
» Island Magee fF - - - ° - - - 1°61 — 


It will be seen that the proportion of nitrogen increases with the pollution, whereas 
that of the ash decreases. 


Some further observations were also made in relation to the ash of the ulva and chiefly 
as regards the value of this seaweed as a manure. 


The value of a manure, it need scarcely be said, depends upon several factors, of which 
the chief are the amount of nitrogen, phosphoric acid, and potash salts which it con- 
tains, and more especially of the two former. The analyses given above show that the 
ulva as 1t occurs in Belfast Lough (and, no doubt, in other places similarly situated), is a 
highly nitrogenous manure, and, therefore, an excellent one for certain agricultural pur- 
poses ; but no determinations had been made of the phosphoric acid which it contains, 
and it occurred to us that such determinations would be of interest, as well as those of 
some of the other inorganic constituents of the seaweed. 


a ne 


De * See p. 163. 
t Unpolluted localities, 
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In order to make these analyses, it was necessary to first obtain the ash of the wlva, 
and two separate experiments made at different times showed that the ash is not always 
of the same nature. Thus a sample of the seaweed collected early in December, 1902, 
gave, when incinerated, a brown ash, whereas another sample collected later gave one 
which was much whiter. 


On analysing the two, it was found that the brown ash contained 3:4 per cent. of phos- 
phoric anhydride, equivalent to 0°51 per cent. on the dried seaweed itself, whereas the 
white ash contained 4°3 per cent., equivalent to 0°65 per cent. of the dried seaweed. 


The amount of phosphoric anhydride in dry farmyard manure appears to vary from 
0°7 to 1-4 percent. So that the wlva may be considered to be equivalent to a poor sample 
of farmyard manure in respect of this factor, while greatly superior to it in relation to 
its nitrogen content—probably three times at least. 


A further examination of the ash of the wlva for certain other constituents gave the 
following figures— 


Silica - - - z e 2 : 3 4 : s a | 
Sulphuric anhydride = ety avant aw goer wee ee een RLS ee 
Magnesia - - 2 2 : c E 4 e , : ayo g 
Oxides of iron and aluminum - . * 3 1 
Lime - : - - 5 ~ - - - = - - 
Soda - : = 7 S : - * : - - - 
Potash : : : z & ¢ | 2 < 


PROXIMATE ANALYSIS. 


The attempts which we have made to isolate any definite compounds as proximate 
constituents of the wlva have not been very successful, but it is only fair to say that 
we have not devoted much time to the matter. 


Various experiments were tried with different solvents. 


When boiled with water the seaweed does not soften nor suffer apparently any con- 
siderable change, and no blue colour is produced when the infusion is treated with iodine. 


A special experiment was made to ascertain whether any carbohydrate was present 
capable of ready hydrolysis into a sugar, and for this purpose a quantity of the washed 
ulva was treated for a week in the cold with water containing 5 per cent. of sulphuric acid. 
The extract was then drained away from the seaweed, excess of barium carbonate added, 
the solution filtered and evaporated. | 


During the evaporation, white amorphous matter separated and oily globules also. 
The dried residue was treated with a little water, the solution filtered and heated on a 
water-bath with 2 grms. of crystallised phenyl-hydrazine hydrochlorate, and 3 grms. 
of sodium acetate, but no trace of a crystallised osazone could be obtained. For the 
sake of comparison, a mixture of 1 grm. of ordinary dextrose with the same quantities 
of phenyl-hydrazine hydrochlorate and sodium acetate and water was heated and gave 
abundance of the yellow osazone. 


The amorphous matter turned out to be magnesium carbonate, with practically no 
organic matter. 


The remainder of the ulva, after treatment with acid, was well washed with distilled 
water, and then digested in the cold for a week with 5 per cent. caustic soda solution. 
The resulting brown liquid was coloured green by a slight excess of hydrochloric acid, 
and a brownish flocculent precipitate was produced. 


By treating the ulva with alcohol or ether, the chlorophyll, etc., are only very slowly 
dissolved. In a preliminary experiment some of the dry seaweed was submitted to the 
action of the boiling re-agents for a week, in an extraction apparatus—ether first and: 
alcohol later, but at the end of that time it was still green in parts. 
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In a later experiment 14 grms. of the ulva—washed, dried, and roughly powdered— 
were boiled in a flask with inverted condenser for a week with alcohol. Hach day the 
alcohol was filtered off and distilled from the same (tared) flask, the distillate being 


again employed for the extraction. 


The dried, alcoholic extract weighed 2°35 grms., or about 17 per cent. of the weight 
of the original dried seaweed. 


What remained of the latter was then dried and digested in the cold for eight days 
with a 5 per cent. solution of caustic potash. The liquid was then filtered off through a 
weighed filter, and the residue of seaweed collected on the latter, well washed and weighed. 


It amounted to about 7 grms. 


On the supposition that alcohol removed all the chlorophyll, fat, etc., and the caustic 
potash the albuminoids, the composition of the dried seaweed may be represented thus :— 


Chlorophyll, fats, ete. - - - : - : - - - - 17 per cent. 

Albuminoids or “ proteids ” - - - - - - - - - “BS. See 

Cellulose - = = = 7 rd kK o = i ¥ - 50 ” ” 
100 5, 4, 


If the percentage amount of nitrogen found in the ulva be multiplied by the factor 
6°25 (often employed for calculating in such cases the “ Proteids or albuminoids”’), the 
result is 38°6, which is not very different from 33, and it must be remembered that the 
experiment was only roughly quantitative. 7 


BACTERIOLOGICAL EHXAMINATION. 


From the chemical examination of the products of the fermenting wlva it seemed 
probable that it was attacked by at least two different species of micro-organisms—the 
first producing fatty acids together with hydrogen and carbonic anhydride; the 
second causing the formation of sulphides. 


The evidence on this point was tolerably clear, for on several, occasions no sulphides 
were produced at all, and, as a consequence, no blackening of the weed occurred, and 
no evolution of sulphuretted hydrogen, although fermentation had been active, and 
fatty acids had been plentifully produced, together with hydrogen and carbonic anhy- 
dride. And in all the experiments in which the weed blackened, the acid-producing 
phase of the fermentation preceded that of the sulphide formation by a considerable 
interval. 


Also, when the ulva was allowed to ferment in tap water and not in sea water, the pro- 
duction of sulphides was always delayed, and very often did not occur at all. 


Numerous attempts have been made to isolate the organisms causing the two changes, 
but not with absolute success. | 


Stained preparations of the fermenting ulva showed that spore-forming bacilli similar 
in appearance to B. tetani were abundant, but all attempts to isolate them by Koch’s 
plate method or Esmarck’s roll tube (anaerobic) cultures, either with ordinary gelatine 
or agar media, failed, practically no colonies appearing. 


A special culture fluid was then made with sea water containing 1 per cent. peptone 
and 1 per cent. glucose, and (after sterilisation) flasks of this were inoculated (A) with 
a droplet of the liquid from a tube containing fermenting uwlva and sea water, and (B) with 
a minute fragment of the wlva itself from the same tube after its contents had been heated 
for twenty minutes to 80° C., to destroy all but spores. 


These cultures when incubated grew, and showed, it was thought, some signs of gas 
evolution. | 


Alter five days agar plate cultivations were made from both, but no colonies appeared. 

- Similar cultivations were made with a medium containing 1 per cent. peptone and 1 per 

cent. glucose with sea water and agar, both under aerobic and anaerobic conditions, but 
again without obtaining any definite growth of colonies. 
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On the other hand, the glucose peptone sea water medium which had been inoculated 
with a fragment of the fermenting weed, heated to 80° C., developed acid, the amount 


of which was determined by = baryta solution. 


; N 
10 c.c. after 3 days’ incubation at 37° C. required 2°2 C.0. 7 baryta—0° 01628 germs, 
propionic acid. 


N 
baryta = 0°0198 grms. 


10 c.c. after 7 days’ incubation at 37° C. required 2°68 c.c. offs 


propionic acid. 


An experiment was then made on a larger scale with this culture fluid, which was 
sterilised and inoculated with some drops of the liquid from a test-tube containing sea 
water, glucose, and peptone, and a fragment of the fermenting ulva. 


The flask containing the inoculated fluid was provided with a cork and an arrange- 
ment for collecting any gases which might be evolved, and was placed in an incubator, 
where it remained for two or three weeks, but no appreciable quantity of gas came off. 
The contents of the flask were then distilled with sulphuric acid, the distillate boiled with 
excess of barium carbonate, and the filtered solution evaporated to dryness. A small 
quantity of a gummy barium salt remained, which qualitatively resembled the crude 
barium salt obtained from the fermentation of the weed, but its amount was not suffi- 
cient for any quantitative experiments. 


Attempts were next made to obtain colonies of the micro-organism by employing a 
substratum of the weed itself. Some fronds of the ulva were pressed and dried, and then 
attached to glass plates by weak gelatine solution. The plates so prepared were next 
sterilised by heat, and three of them treated as follows :— 


On No. 1, some sterilised gelatine solution was poured, previously inoculated with a 
droplet taken from a tube containing sea water and a fragment of ulva which had fer- 
mented but had not blackened. On No. 2 some sterilised agar was poured which had 
been similarly inoculated ; and on No. 3 the same medium, inoculated from the same 
source, which had previously been heated to 80° C. for twenty minutes. 


Of these three plate cultivations, well-marked colonies appeared on Nos. 1 and 2. No. 
3 was doubtful and too much dried up. 


Two colonies from No. 1 and four from No. 2 were planted out in tubes containing 
fragments of ulva and sea water previously sterilised. In three days the tubes inoculated 
with No. 1 had given off a good deal of gas, and one of those inoculated with No. 2 had 
also given off gas and its contents were turbid. It seems probable, therefore, that by 
this method the organism causing the acid fermentation was isolated. 


Regarding the second or sulphide-forming phase of the fermentation, as we have al- 
ready said, it always occurred much later than the first or acid phase, and frequently 
did not take place at all ; and although the presence of sea water does not appear to be 
absolutely essential to its occurrence, yet undoubtedly it materially assists it, and for 
that reason we are inclined to believe that the sulphides owe their origin chiefly to sul- 
phates in the water, and possibly in the wlva itself, and not to the albuminoids present 
in such abundance in the weed. 


There is also some evidence to show that the organisms concerned in the process occur 
in the mud of the foreshore where the wlva is found, and not in the sea water. 


The following experiment brings out these facts. 


A number of test-tubes were partly filled with sea water, and others with tap water, 
and in each a piece of ulva was placed previously well washed in tap water, and all air 
bubbles adhering to the weed were got rid of by pressure witha glass rod. 


A cotton-wool plug was then inserted in the mouth of each tube, which was made to 
support a strip of paper moistened with lead acetate, which hung about an inch above 
the surface of the liquid. : 
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In addition to five such tubes containing the washed weed and sea water, and five con- 
taining the washed weed and tap water, two similar tubes were prepared containing un- 
washed weed, one with sea water and the other with tap water. All the tubes were then 
placed in the incubator. In 24 hours the acid phase of the fermentation had commenced 
in all the tubes, indicated by the inflation of the weed by the evolved gases. 


In 48 hours the lead paper in the tube containing the unwashed weed and sea water 
had begun to blacken distinctly, and that containing the unwashed weed and tap water 
was also tinged, though faintly. In 72 hours the lead papers in all the sea water tubes 
were strongly blackened, but those in the fresh water tubes remained unaffected, except 
the one in the tube containing the unwashed weed. In 168 hours the unwashed weed in sea 
water was itself beginning to blacken, but the contents of the tap water tubes had still 
only faintly blackened their lead papers. Even after a month, the difference in the ap- 
pearance of the contents of the two set of tubes was very noticeable. : | 


Zelinsky* has described an organism which he named Bacterium hydrosulfureum 
ponticum, and obtained from the ooze of the Black Sea, which reduces sulphates to sul- 
phides, and evolves sulphuretted hydrogen. He employed a special culture fluid for 
its growth, containing 1 per cent. solution of ammonium tartrate, 1 to 2 per cent. solu- 
tion of grape sugar, 4 to 4 per cent. of sodium hyposulphite, 0°1 per cent. of potassium 
phosphate, and traces of calcium chloride. 


We prepared some of this fluid and inoculated (sterilised) tubes of 1t with minute frag- 
ments of the following :— | 


1. Ulwa which had fermented with sea water for 12 months in a stoppered 
bottle. 


2. Ulva which had been fermented with tap water for the same time and 
under similar corditions. 


Lead papers were suspended in the upper part of each tube by cotton-wool plugs, and 
the tubes then placed in the incubator. We also prepared a similar set of tubes con- 
taining 4 per cent. of ferrous sulphate instead of the hyposulphite, and inoculated them 
inthe same way. The first series we shall call A and the second B. 


In 99 hours the lead papers in all the tubes were blackened except B 2, and a filmy 
growth was beginning to form on the surface of the liquid in two of the tubes. Alter a 
further interval of 24 hours, A 1 was covered with a pink growth, and A 2 with a white 
growth. A 1 was plated out in ordinary agar medium. but it gave no colonies, but A 2, 
similarly treated, gave plenty of well-defined colonies. Three of the latter were again 
plated out and inoculation from the resulting colonies made in tubes containing sterilised 
ulva and sea water, when after 5 days a whitish growth began to appear in the tubes, 
and two days later their contents were giving off sulphuretted hydrogen. 


| 


We have not had time to pursue the bacteriological investigation further, which very 
possibly im more experienced hands might have given more definite results, but we be- 
lieve that the following conclusions are warranted from our experiments :— 


(1) When the Ulva latissima ferments in water, it is attacked by a species of 
micro-organism, which is a spore-forming bacillus, and which probably 
iniests the weed itself. The products of this fermentation consist mainly 
of propionic, acid, but other fatty acids are formed in smaller quantities, 
together with carbonic anhydride and hydrogen. This micro-organism 
probably attacks the albuminoids of the seaweed. 





* Zelinsky, Proceedings of the Russian Physical and Chemical Society, 25, fasc. 5. [1893.] 


153 


(2) The fermenting ulva is attacked later by a second species of micro-organ- 
ism, with the production eventually of ferrous sulphide and sulphuretted 
hydrogen. It seems probable that these sulphur compounds are pro- 
duced from the sulphates of the sea water (or those contained in the tissues 
of the ulva), and not from the albuminoids of the seaweed, and that the 
micro-organisms are derived from the mud of the foreshore where the ulva 
grows. 


Our experiments so far do not enable us to decide definitely whether the sulphuretted 
hydrogen is produced directly from the sulphates (or possibly the albuminoids), or in- 
directly from the ferrous sulphide, by the action of the organic acids. We are, however, 
of the opinion phat some of the gas at least owes its origin to the second of these two 
causes.* 


CERTAIN GREEN SEAWEEDS IN RELATION TO SEWAGE POLLUTION. 


The evidence tending to prove that the occurrence of Ulva latissima in quantity in a 
given locality (and probably that of certain other green seaweed also, such as Hnteromorpha 
compressa) is associated with the pollution of the sea water by sewage, is of four kinds, 
viz. (1) That afforded by the composition of the tissues of the seaweeds, or rather by 
the high proportion of nitrogen which they contain. (2) The avidity with which the sea- 
weeds absorb Inorganic compounds of nitrogen such as ammonia and nitrates from sea 
water. (3) An examination of certain localities in which the seaweeds occur in abund- 
ance, contrasted with others from which they are virtually absent. (4) Their spon- 
taneous appearance and growth in certain sewage effluents at the experimental purifica- 
tion works in Belfast. Each of these pieces of evidence may be briefly reviewed. 


1. THE PROPORTION oF NITROGEN IN THE ULVA LATISSIMA AND IN ENTEROMORPHA 
COMPRESSA. 


The most interesting and important results of our analyses of the tissues of these sea- 
weeds—and certainly the most surprising to us—are first, the extraordinary proportion of 
nitrogen which they may contain, and second, the remarkable variations in this propor- 
tion depending apparently on the extent of the pollution of the water in which the sea- 
weeds grew. In the following table the percentage of nitrogen in some other (dried) sea- 
weeds is compared with that present in those just named, as wellas the “ proteine”’ 
(albuminoids) obtained by multiplying the percentage of nitrogen by the factor 6°25. 


Percentage of 
Nitrogen. Proteine. 


Ulva latissima from Contact Beds - - - - - - 894 55875 
% 4 » Belfast Lough - - - . 618 38°625 
Enteromorpha compr essa from a Sewage Effluent - - = 744 46-500 
‘Chondrus crispus (Carragheen Moss) 
Bleached, from Bewlay Evans - - - - - 1-534 9°587) 
second experiment - - - - = 1-485 9°281 4 
Unbleached, from Ballycastle - : - - - : 2-142 13-387 
_ second experiment = - - . - - 2°510 jeter 
+ ¢ Gigartina mamillosa, from Heche Bie Ga SUE Cae Se ee 2°198 13°737 


- 1588 9:925 
- 3°465 21°656 
5650 29-062 
3°088 19-300 
2°424 15°150 


Laminaria digitata - - . = = 
_Rhodymenia palmata (Dulse) - : : 

Porphyra laciniata —- - * 2 P 
Sarcophyllis edulis . a a . 
\ Alaria esculenta Ql erina ys - : - : 2 





Fucus saccharinus - - - - - = - 2°29 = 

d { ,» digitatus - - - - - - - - 1°46 ae 
‘ » vesiculosus - - - - - . Oe <= 
»  cerannum rubrus - - - - - - 2°03 —_ 





* See p. 126. 
{ Thorpe’s Dict. Appl. Chem. 
t Wirtz, Dict. d. Chim. 
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The farmers on the shores of Belfast Lough have discovered the value of the ulva as 
a manure, and large quantities are carted away by them and used on their land.* 


Not only is the proportion of nitrogen in the samples of ulva and £. compressa, of which 
the analyses are given in the above table, extraordinarily high compared with that present 
in other seaweeds, but also with vegetables generally. Indeed in nitrogen content they 
resemble animal rather than vegetable products, as will be seen from the subjoined list 
of a few typical substances :— 

Percentage of Nitrogen, 


Animal. about :— 
Meat (dry) - - - - - - - : : Z 3 104 
Cheese (dry) - - - - - - - = ‘ E , 

Milk (dry residue) - - - - : L f s L = 5 

Vegetable. , 

Peas - - = - : - . = : = ‘ § . 4-44 
Clover Hay - - - - - : : é 5 : : 3 
Wheat - - - - 2 . : Mi : % a 
Meadow Hay - : - - - 5 ‘ E : 2 9 


2. ASSIMILATION EXPERIMENTS. 


Series 1.—Our first idea was to contrast the extent of growth of the wlva in pure sea 
water and in polluted sea water respectively ; and accordingly, as far as possible, similar 
tufts of the growing weed, adhering to stones, etc., and freshly removed from the sea- 
shore, were placed in two glass aquaria, one of which was filled with the pure sea water 
of the Irish Channel and the other with the same water to which 24 per cent. of Belfast 
sewage had been added. Photographs were then taken of the two tanks, with the ob- 
ject of contrasting them with photographs on the same scale to be taken later. 


The result of this experiment was, however, curious, as the weed in both tanks soon 
became unhealthy and died in a month or two. We believe that the explanation was 
that in both cases the wlva was killed by the strong sunlight to which at times it was 
exposed, as the two aquaria containing it were placed in a window facing south-west, 
and the experiment was made in the spring-time. 


Since then we have had a specimen of the seaweed growing for months in a glass dish 
placed near a window with a northern aspect, and as we write it is still in a perfectly 
healthy condition. It is a mere frond of the wlva, and was picked up on the shore, un- 
attached to any support, and indeed, when we commenced our experiments with it, we 
were afraid that it would be of no use to us. But this frond has remained in perfect 
health for seven months, during which time it has been treated with several different 
specimens of foul sea water, and in the intervals has not been supplied with any pure 
sea water ; for after the failure of our first experiment it occurred to us that a far better 
method of investigation would be to examine the water in which the weed was growing, 
and not the weed itself. 


The methods of water analysis are delicate, and by contrasting the composition of 
samples of sea water both before and after the ulva had been allowed to grow in them, 
it seemed to us that the information we desired ought to be readily obtained. 


i 





* Ulva latissima as a source of ammonia.—The question naturally arises : Cannot the wlva be used for some 
practical purpose ? It is washed ashore in Belfast Lough (and some other places also) in enormous quantities, 
and in the former locality, only a very small fraction is carted away by the farmers for agricultural purposes. 
The rest, amounting in all probability to several thousand tons annually, either putrefies, and, as mentioned 
above, gives rise to a serious nuisance, or, in consequence of the prevailing westerly winds, gradually makes 
its way along the coast to the open sea. It seems a pity that such a valuable product is wasted, and the 
thought occurred that it might be utilised as a source of ammonia. It was easy to submit some of the ulva 
to destructive distillation and to ascertain the quantity of ammonia produced. Two experiments were 
accordingly made in which weighed quantities of the dried seaweed were distilled in glass tubes provided 
with an arrangement for catching the ammonia produced, and the amount of that substance was then 
ease In the first experiment 100 parts of the dried ulva yielded 1°92 parts of ammonia, and in the 
second 1°82. 


Now sulphate of ammonia is worth about £11 per ton, and it may be calculated from the above figures that 
1 ton of that salt could be obtained from 14 tons of the dried seaweed, whereas it requires 25 tons of coal 


to give the same quantity. Hence it does not appear to be at all impossible that ammonia might be profitably 
manufac*ured from the wlva cast ashore in Belfast Lough. 


4 
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The following experiments were, therefore, made :— 


The frond of ulva employed was well washed for about an hour in running tap water 
to free it from debris. It was of large size, its area being 147 square inches, or about 
1 square foot, and its active surface, therefore, twice that amount. 

| 


The dish in which it was placed was a circular glass vessel, with flat bottom and verti- 
cal sides, 8 inches in diameter and 3 inches high. It was provided with a cover similar 
to itself, and it contained in our experiments 1,600 c.c. of water. In order to get the 
frond of seaweed into the dish, it was folded across the middle. 


Series 2.—Assimilation of Ammonia.—A sample of sea water was employed which 
was collected from a locality in Belfast Lough where several small sewers discharge directly 
into the sea, and|was, therefore, presumably polluted. The frond of wlva was rinsed 
in the dish with some of this water, which was thrown away, and the dish then filled 
with more of the same water, the air-bubbles entangled in the folds of the seaweed being 
got rid of by gentle pressure with a glass rod. Some of the water was analysed before 
this was done, while after a week had elapsed a quantity of the water was removed from 
the dish and also analysed. 


The results of the two analyses were as follows :— 
Parts per 100,000. 





Free Albuminoid 

Ammonia. Ammonia. 
Original sea water - - - - - : - 0°046 0020 
After contact with the wlva for 7 days - - - - 0-000 * 0020 


The seaweed had, therefore, absorbed every trace of free ammonia from the water, a re- 
sult which was quite unexpected and highly interesting. On the other hand, none of the 
albuminoid matter had been absorbed, which, however, is quite in accordance with the 
known facts regarding plant nutrition. In order to verify this result, the ulva was allowed 
to remain in the same water for another week, when a second analysis was made with 
precisely the same results as before. 


Series 3.—Assimilation of Ammonia.—This experiment was made with the view of 
getting some idea of the rapidity with which the wva can absorb free ammonia from 
sea water, and also to ascertain whether it can thrive in a highly polluted water. The 
frond of ulva had remained in the sea water of the last experiment an additional four 
days, making eighteen days in all, and appeared to be quite healthy. 


A sample of sea water was collected from the same locality as before, and to it 1 per 
cent. of sewage was added (obtained from the pumping station at the Belfast Main Drain-- 
age Outfall). This mixture gave, on analysis, the following results :— 


Parts per 100,000. 


seme at ae a a 
Free Albuminoid 
Ammonia. Ammonia. 
Sea water plus 1 per cent. sewage - . - - - - 0-030 0-024 


But as it contained less free ammonia than was expected, a standard solution of am- 
monium chloride was added, sufficient to bring up the free ammonia to 0°050 parts per 
100,000. 


The frond of wlva was drained from the first sample of sea water and rinsed with this 
mixture, again drained, and the dish then filled with the same mixture. 


It was intended to make a series of analyses of the contents of the dish at intervals of 
about twenty-four hours, but to our astonishment we found that practically the whole 
of the free ammonia had been absorbed after a period of only seventeen hours, as the 
following determination shows :— 


In 100,000. 
Free Ammonia. 
Sea water, plus sewage and ammonium chloride, after contact with 
the wlva for 17 hours” - CVA TS 2 f 2 ‘ : 0-001 
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With the object of tracing the fate of the albuminoid matters, the weed was allowed 
to remain for about five weeks in contact with the mixture, while a flask containing the 
same mixture was also kept during the same interval. Both samples were then analysed, 
with the following results :— 

Parts per 100,000. 


eS Sr rr~ 
Free Albuminoid 
Ammonia. Ammonia, 
Sea water, plus sewage and ammonium chloride, kept for 
5 weeks - - - - - . - - 0:050 0016 
The same mixture after contact with the wlva for 5 weeks 0-004 0:017 


These results further prove that the ulva cannot absorb albuminoid matters. 


Series 4.—Assimilation of Nitrates.—The result of these experiments, as well as other 
considerations to be mentioned presently, induced us to extend our inquiry somewhat 
further, in order to ascertain whether the wlva can absorb nitrogen in the form of nitrates, 
with the same ease and rapidity as it assimilates that element as ammonia. 


The same frond of wlva was again used, which had now been under observation in the 
dish for six months. In the interval from the last experiment, the water in which it was 
growing had been changed only once. On examination, it was found that, owing to the 
inflation of some of its under surface by evolved oxygen, a portion of the frond had be- 
come quite dry and almost bleached. We thought it highly probable that it was no ~ 
longer in a sufficiently healthy condition for further experiment ; but having no other 
specimen at hand, we decided to test its vigour by its power of absorbing ammonia. 


Some fresh sea water was therefore obtained and examined as follows :—200 c.c. were 
distilled until 100 c.c. had passed over, and 50 c.c. of this distillate were Nesslerised for 
the freeammonia. The residue left in the distilling flask was then diluted to the original 
volume (200 c.c.) with ammonia free water, and treated with zinc-copper couple for 
twenty-four hours at ordinary temperatures, then poured off, again distilled, and the 
distillate Nesslerised. The results of the analysis were as follows :— 


Parts per 100,000 
Nitrogen, as :—- 


SS eee 
Free Ammonia. Nitrates. 
The sample of sea water contained ° an te - 0-005 0:006 


Sufficient ammonium chloride was added to this sea water to bring up the nitrogen as 
free ammonia to 0°042 parts per 100,000, and this strength was verified by a determina - 
tion made as before. 


The frond ofuwlva was now drained from the sea water in which it had been immersed 
for some months, rinsed with the new sample prepared as just described, and the dish 
then filled with the latter. 


After twenty-four hours, 200 c.c. of the water were removed from the dish, distilled, 
and the distillate Nesslerised, when no free ammonia was found, proving that the sea- 
weed was still in a perfectly vigorous condition. This was also shown by the copious 
evolution of oxygen which had occurred from it, the gas remaining entangled in the folds 
of the frond. 


The water in the dish was next poured off, and sufficient of a standard solution of 
potassium nitrate added to it to bring up the nitric nitrogen to 0°05 parts per 100,000, 
when it was emptied back again. The frond of wlva was now in contact with ammonia- 
free sea water containing nitrates, and was allowed to remain thus for 70 hours, when a 
portion of the water was removed from the dish, and the nitrates determined by the 
same process as before. The water was found to contain 0:005 parts of nitric nitrogen, 
showing that the wva had absorbed 90 per cent. of the amount originally present. 


Series 5.—Assimilation of Ammonia.—Our next set of experiments showed that the 
ulva has far more energetic powers of ammonia assimilation than we suspected. The 
following are the particulars:—.The seaweed employed was that already referred to as 
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having been collected in Dublin, and sent in a sponge bag by post to Belfast, where 
accidentally it remained uncared for and unopened for a week (see p. 142 footnote). 
When examined several of the fronds were found to be in an incipient state of decom- 
position, but some appeared to be still healthy. The latter were well washed with tap 
water, trimmed with scissors to a convenient shape and the pieces placed in fresh sea 
water in glass dishes. The experiments on their power of ammonia absorption were 
made six or seven weeks after they had been collected (and after these experiments 
were terminated the seaweed remained in a perfectly healthy condition for more than 
a year). 


Two different sets of experiments were made; the first with a solution of pure am- 
monium chloride in sea water, and the second with a mixture of sea water and the effluent 
from contact beds. All the experiments of the first set were made with the same piece 
of seaweed, and a similar remark applies to the second set in which, however, several 
pieces of seaweed were used. Individual experiments were made in both sets to test 
the absorptive power of the seaweed in relation to the concentration of the ammonia, 
as well as the effects of light and darkness. During each experiment the liquid remained 
at rest except just before the time when a sample was taken for analysis, when it was 
well stirred with a glass rod. 


The following tables give the chief results obtained :— 
ABSORPTION OF AMMONIA BY THE SEAWEED ULVA LATISSIM A. 
(A) From a Sotution or AMMoNnIUM CHLORIDE IN SEA WATER. 


Area of Seaweed Frond, 200 square inches. Volume of Miature, 23 litres. 





Peet Re en onis Percentage of Ammonia absorbed after 


Originally Present. © |_---@----@  — In 
Bob ye-000 of Liquid. 1 Hour 2 Hours 3 Hours 4 Hours 5 Hours 


ne 00 EE ROL Pepe open 
0-085 59 81 91 oY ah 
0-18 58 88 96 97 ‘al \Daylight. 
0-085 37 7 87 91 £ ; 
0:96 29 44 56 67 73 | Darkness. 





(B) From a Mixture or Contact Bep ErrLueNnt AND Sea WATER. 


Area of Seaweed Fronds, 600 square inches. Volume of Mixture, 24 litres. 





Pee oF cosa Percentage of Ammonia absorbed after 

















Originally Present In 
Pee oe tequid. 1 Hour 2 Hours 3 Hours 4 Hours 5 Hours 
0°084 64 82 91 — Bes ! 
0-412 59 86 96 98 99 } Daylight. 
0°080 18 45 58 — — 
0:095 58 79 87 94 96 Darkness, 


0°532 45 63 73 78 — 





The general conclusions which these results seemed to indicate were that :— 


(1) The absorption of ammonia by the seaweed is very rapid, and with the 
mixtures used practically all was absorbed in five hours (except in one 
case). 


(2) As a rule the amount absorbed is greatest during the first hour of con- 
tact, and then rapidly falls off. 


(3) Although the concentration of the ammonia exercises some effect on the 
proportion absorbed, it is by no means so considerable as might have been 
expected. 
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(4) The seaweed absorbs ammonia both by daylight and in darkness, ‘but the 
proportion absorbed in the latter case is apparently rather less than in 
the former. 


(5) The effects of an increased area of the seaweed on the proportion, as well 
as the actual amount of ammonia absorbed, are not so great as might have 
been expected. 


Series 6.—Assimilation of Ammonia.—Another series of. experiments. was. made in 
order, if possible, to clear up various questions arising out of the preceding work, one 
of which was to find the limit of the wlva’s absorbing powers. 


A sample of fairly young wlva obtained from Belfast Lough was employed. The fronds 
were spread over the bottom of a large confectioners’ jar and kept in position by weights 
consisting of short lengths of glass rod. This was done in order that the sea water con- 
taining the ammonium chloride might be kept in motion by a small automatic stirrer 
during the duration of each experiment. But the effect of thus pinning down the fronds 
would, no doubt, be to render their lower surfaces practically inoperative as regards 
absorption. 


The following table contains the results obtained :— 


ABSORPTION OF AMMONIA BY ULVA LATISSIMA FROM A SOLUTION OF AMMONIU 
CHLORIDE IN SEA WATER. 


Area of Seaweed Fronds, 90-100 square inches. 


[Results stated as percentages of the Ammonia originally added which were absorbed after 
the given number of hours.] 


June ldth, | June 20th, 


Sept. 6th, | Sept. 8th, | Sept. 9th, Sept. 27th, | Sept. 28th, | Sept. 29th, 
1904. 1904. 


1904, , 1904. 1904, 1904. 1904. 1904. 








0:25 per | 0-119 per | 0:1875 per | 0:1875 per | 0:1875 per| 0°25 per 0:25 per 0:25 per 


100,000 | 109,000 








shor 100,000 100,000 100,000 100,000 100,000 100,000 
Volume = | Volume = | Volume = | Volume = | Volume =| Volume = | Volume = | Volume = 
8 Litres. 8 Litres. 8 Litres. 8 Litres. 8 Litres. 4 Litres. 4 Litres..| 4 Litres. 
1 2 3 4 5 6 7 8 
] to 26°3 22°2 es 36° 7 29:4. 1: 30a 10°6 
2 31°8 5L-6 29°6 46°7 43°38 55°9 55°9 10°6 
3 46 72°6 ores 53° 60°0 75°0 61°38 21°1 
| 4 46 80°0 63°0 66°7 73°3 87°1 75:0 31°6 
s 517. 86°3 (one 72°0 (gee 91°2 80°0 44-7 
pete 6371 90°5 76°3 80°0 85°3 2 ake 82°4 44-7 
Spit! 68°8 93°2 83°7 85°3 88°7 a 82-4 44-7 
8 (Get 96°3 91:9 88°7 92°7 — 83°5- — 
9 83:0 o7°9 — — 96°0 — isk ros 





It will be seen that in no case was the absorption so rapid as that found in the 5th 
Series (Daylight), which is, no doubt, accounted for by a double cause, namely, a much 
larger volume of liquid and a much smaller area of seaweed. 


Experiments 3, 4 and 5 were made under precisely the same conditions, and are in- 
teresting as showing a progressive activity in the absorptive powers of the ulva. Ext 
periments 6, 7 and 8 were also made under the same conditions, but these were different 
from those obtaining in the three previous experiments, as the volume of liquid was 4 
instead of 8 litres, and the concentration of the solution was increased from 0°1875 to 
0°25 parts of ammonia per 100,000 of fluid. It will be seen that in experiment 7 the 
seaweed has maintained its activity during the first two hours, but afterwards this rapidly 
falls off, while in experiment 8 the falling off continues and the seaweed would appear, for 
the time being, at all events, to have almost lost its absorptive powers. 


One of the questions which we were anxious to decide was the relative rates of ab- 
sorption of nitrates and ammonia. Does the seaweed absorb the one as fast as the other, 
oris the rate different? And, again, supposing that both ammonia and nitrates are present 


in sea water, will the wlva remove the two pari passu, or will it select one. in preference 
to the other ? 
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Quite a number of experiments were made on this point during the preceding series 
on ammonia absorption, but the results are not given in the table, as the determinations 
of nitrate (by the zinc copper couple method) were most unsatisfactory, owing, as we 
subsequently discovered, to our having taken too much of the liquid for each determina- 
tion. with the result, no doubt, that frequently the nitrate was not fully reduced, and as a 
consequence, only a part of that really present was found. Nevertheless, it is possible 
to draw certain conclusions, as, although more of the nitrate was probably present than 
shown by the different determinations, there could not have been less. Hence the quan- 
tities found may, at least, be regarded as minimal amounts. 


Thus, in Experiment 2 the sea water contained both nitrate and ammonia, and as the 
table shows over 90 per cent. of the latter was absorbed at the end of the sixth hour. 
The quantity of nitrate at the commencement of the experiment was much the same 
as that of the ammonia, namely, 0°10 per 100,000 (nitric nitrogen as potassium nitrate), 
but the percentages remaining after the seventh, eighth and ninth hours, as found by 
analysis, were, respectively, 98°7, 85°7 and 85:7 per cent. of the original amount. 


The slow rate of nitrate absorption by the seaweed contrasted with that of ammonia 
absorption was further shown by three series of experiments performed with the same 
seaweed in November, 1904—the nitric nitrogen added at the commencement of each 
being 0°25 parts per 100,000, and the volume of sea water 4 litres. At the end of the 
sixth hour the percentages of this amount found were 46:0, 78°2, and 82°4, and at th 
end of the eighth hour 56°9, 45:3 and 70-0. | 


Series 7.—Assimilation of Ammonia and Nitrates.—In August, 1905, additional ex- 
periments were made with the same seaweed, which was perfectly healthy in spite of 
its having been quite uncared for, except that the vessel containing it, and the sea water 
from the 1904 experiments was covered with a sheet of glass and protected from strong 
light by placing it on the sill of a window with a northern aspect. In these experiments 
the seaweed was not pinned down, nor was the mixture stirred except immediately be- 
fore removing each sample for analysis. 


As it was inconvenient to determine the nitrates at hourly intervals, a relatively large 
proportion of nitrate was added at first, and the determinations made at intervals of 
six, twelve or twenty-four hours. At first only 10 c.c. of the liquid was removed for 
analysis which were diluted with 200 c.c. of water, and the mixture treated for twenty-four 
hours with the zine copper couple at 80° F. In this way the error of the previous ex- 
periments was avoided, namely, that of incomplete reduction of the nitrate to ammonia. 
In the first experiment it was intended to allow the seaweed to act simultaneously on 
both the nitrate and ammonia, and for that purpose at the end of seventy-two hours 
the liquid was poured off from the seaweed and 0°25 parts per 100,000 of ammonia (as 
ammonium chloride) added. Four litres of this mixture were then placed in contact 
with the seaweed, and the experiment continued. It will be seen, however, from the 
subjoined table of results that when the ammonia was added, practically all the nitrate 
had been absorbed. 


ABSORPTION OF NITRATES AND AMMONIA BY ULVA LATISSIMA. 


Area of Fronds, 90-100 square inches. 
[Results stated as percentages of nitric nitrogen or ammonia originally addel, which were absorbed after 
the given number of hours.] 


July 5lst to August 4th, 1905. August 3rd to 4th, 1905. August 30-h, 1905. 





1:00 Nitric Nitrogen 0:25 Ammonia ve . as 
Hours. per 100,000. per 100,000. 1°153 ER AREER 
Volume=5 litres ; Later, 4 litres. Volume =¢ litres. ID ert ge 
6 15 — es 
12 15 — 64 
24 39 —_—- 86 
30 53 —_— ~- 
36 61 — — 
48 75 — nae 
60 85 — — 
72 Traces 100 = 
96 0 0 we 
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Series 8.—Absorption of ammonia by other green seaweeds.—Haa time and opportunity 
permitted, we should have liked to investigate the absorptive powers of all the chief 
varieties of green seaweeds as regards ammonia and nitrates. But we have only been 
able to perform a single series of experiments with one of these namely Enteromorpha 
Intestinalis in addition to our work already recorded on the Ulva. 


This seaweed we are more inclined to regard as an indication of brackish as opposed 
to polluted waters, while for reasons to be mentioned later on H. compressa probably 


finds it habitat chiefly in the latter. 


But having obtained specimens of the H. intestenalis at Belfast, which were of suffi- | 
cient size to make a rough estimate of the total area of the fronds, (whereas with £. 
compressa this is nearly impossible) the experiment was made the results of which are re- 
corded in the next table. ; 


It will be seen that while this green seaweed absorbs ammonia, its “ avidity ”’ is not 
so strong as that of the Ulva. 


ABSORPTION OF AMMONIA BY ENTEROMORPHA INTESTINALIS. 
Area of Fronds probably about 50 square inches. 
Volume of Mixture, 4 litres. 


0°25 Parts per 100,000. 


Hours. Percentage Absorbed. 


COanND OR De 


ISD SD SD Sr or Ct B CO be 
EPWWONTNDTE DATO OO 
OoCOonwnrrR RNC CO De 


22 
a % % * 

The absorption of ammonia by the ulva and other green seaweeds probably occurs 
according to a definite physical law, and possibly this law is similar to that governing 
the velocity of ‘‘ monomolecular reactions ” in chemistry, which finds its mathematical 
expression in the formula :— 








re © 
eee 


If this law applied to the absorption of ammonia by the seaweed it would be stated 
thus :— 


“The rate of absorption is constantly proportional to the concentration oi the 
ammonia present.” . 
From the above formula :— f 

—dC 
aes Kdt - 
Therefore :— 
Log., Co — Log., Ct = Kt 
in which :— 


Co 
Ct : 
kK = A constant 


Percentage of ammonia originally present (100) 
+3 at time t 
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The mean figures for the experiments described in the tables p. 157, daylight series, 
as to the percentage of ammonia remaining after the action of the wlva are, in round num- 
bers.:— 


Hours PR ied ter 4c they Pasinnetls > 0 1 2 3 4 5 
Percentage of Ammonia remaining - - 100 40 18 6°5 2°5 0 


Logs, for percentage of Ammonia remaining | 4°6052 | 3°6889 | 2°2904 | 1°8718 | 0:9163 0 





Difference in Logs - - - - - — 0°9163 | 0°7985°| 1°0186 | 0°9555 | 0°9163 


or K is, in round numbers, 0:9.* 


Regarding the; magnitude of the possible experimental errors and their effects on 
the value of K., it should be remarked that a relatively large error in the determination 
of ammonia at the commencement of the series would affect the differences between the 
logarithms much less than a far smaller error at its termination. Thus the difference 
between the logarithms of 40 and 30 is the same as that between the logarithms of 4 
and 3, so that an error of 1 per cent. in the amount of ammonia towards the end of the 
determinations would affect the value of K as much as one of 10 per cent. near their 
commencement. The use of logarithms may, however, be avoided. 


From the formula :— =U — Kdt 


It may be shown that if t is equal to one hour 


Co—Ct. 
iB a constant.f 


Or in words: the amount of ammonia absorbed during each hour, divided by the 
amount of ammonia then remaining in the solution, is a constant. 


In the following table we give the results of another series of experiments in which 
the value of the constant, deduced from the ammonia absorbed by the wlva during the 
first hour, has been employed to calculate the ammonia which ought theoretically to 
have remained (unabsorbed) in the solution at the end of each succeeding hour, due 
allowance being made for the ammonia removed in the quantity of solution taken for 
each analysis. 


In another column these results are compared with the ammonia found by experi- 
ment; while, in a third, the percentage differences between the two sets of figures are 
given. 

Volume of Ammoniaca! Sea Water originally taken, 8 litres. Area of Ulva Fronds, 90-100 square inches. 
Ammonia present in the Sea Water at the Commencement of the Experiments, 0-015 grammes. 

Constant = 0-233. 

















Ammonia remaining Unabsorbed. Percentage Ditference be- 
tween Calculated Amount 
of Ammonia (100) and 
Calculated from the Amount found by 
At End of Hour. Found by Experiment. leciak ee Experiment. 
2nd 0-0076000 0-0083800 — 93 
3rd 0-0064750 0 0062580 + 3:5 
4th 0-0045000 00046703 — 37 
5th 0:0036750 0:0034827 + 5:5 
6th 0-:0025500 E 0-0025945 sot lse 
7th 0-0018150 0-0019310 — 6:0 
8th 0-0013600 0-0014370 — 5-4 


* Tf at the end of the second hour the percentage of NH; found had been 16, the differences in logs. 
would be :—0°9163, 0:9163, 0°9008, 0-9555, 0:9163. 


20 pas edi Goan a 
C 
Cor dr deal Co* > 
Log. c= Kt and if t = 1 hour Log. ce Te K 





Co « ang CO— Ct _ 


er 


Ct Ct 


e*—1 = a constant. 
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As to the magnitude of the experimental error in this series, and their effects on the 
calculation, it may, we think, be assumed that a trained observer can estimate, by Nessler- 
ising the amount of ammonia present in 50 c.c. of a not too strong solution, to within 0°0025 
mgs., 2.e., that with the weak solution of ammonium chloride generally employed for 
the purpose (1 c.c.=0°01 mgs. NH), he can detect a distinct difference in tint between, 
say, 3c.c. of this solution in 50¢.c. of (ammonia free) water plus the Nessler re-agent and 
31 c.c. when similarly treated. Allowing, therefore, as a possible experimental error in 
the several determinations, the above mentioned amount: then with the quantity of 
ammoniacal sea water first removed from the 8 litres in the above series and distilled 
(200 c.c.), and the fraction of the distillate (10 c.c. out of 100 c.c.) Nesslerised, the experi- 


mental error would amount to :— 


0°0025 ve x 80 = 1 mg. 


—corresponding with about 7 per cent. of the total ammonia originally present in the 
solution (15 mgs.). 


At the end of eight hours, 50c.c. out of the 100 c.c. of the distillate (from 200 c.c.) of 
the sea-water were Nesslerised, while 1,600 c.c. of the original liquid had been removed for 
the several analyses leaving 6,400c.c. The experimental error may as a consequence now 
amount to :— 


0°0025 xz « 64=0°16 mg. 


—corresponding with about 11 per cent. of the total ammonia remaining in the solution 
(say, 1:4 mgs.). 


An inspection of the table given above will show that the differences between the 
observed and calculated results exceeds the limit of the experimental errors in one case 
only, and then only slightly. 


The actual value of K, while constant for a given set of conditions, would no doubt de- 
pend upon a number of factors, such as the area of the seaweed fronds, the concentra - 
tion of the ammonia in the sea water, the volume of liquid, etc. Thus, in the first set of_ 
results quoted above, the area of the seaweed was large and the volume of liquid small, 
whereas, in the second, the area was much less while the volume of liquid was much larger. 
It will be found that if the value of K is calculated in the same way in both series it 
is rather more than four times higher in the first than in the second. 


3. CERTAIN LOCALITIES IN WHICH THE ULVA occURS IN ABUNDANCE CONTRASTED WITH 
OTHERS FROM WHICH IT IS VIRTUALLY ABSENT. 


‘Tt may be stated broadly that no localities have as yet come under observation where 
the ulva occurs in abundance in which the water is not polluted with sewage. 


But, on the other hand, the seaweed is not always to be found in abundance in all places 
where the sea water 7s polluted. It is probable that certain other conditions are neces- 
sary for its growth, which have not as yet been determined with certainty, but of which 
a sluggish flow of water, as opposed to a strong tide, and a suitable bed are possibly the 
most important. 


Attention may, however, be drawn to two particular localities where the seaweed is 
abundant—viz., Belfast and Dublin, with which we are specially familiar—and one from 
which it 1s virtually absent—viz., Strangford Lough. 


The condition of Belfast Lough will be described in detail in a special section, but it 
may be mentioned here that with the growth of the City of Belfast and also with the 
removal of the sewage outfall from the river Lagan to well out into the Lough, the quantity 
of ulva growing in the latter has increased largely. Moreover, in Belfast Lough the tides 
are sluggish—-at all events in its upper reaches—and from the investigation of its waters, 
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there can be no doubt that a portion of the sewage, and probably a considerable one, 
does not make its way out of the Lough on the ebb tide, but having drifted a certain 
distance towards the open sea, is washed backwards by the flood tide which probably ° 
distributes it over a fairly large area, thus keeping the upper reaches in a constantly 
polluted condition. : 


Strangford Lough, which is quite close to Belfast Lough, resembles the latter in extent 
of area, in the large banks of sand or mud exposed at low water, and also in the fact that 
the tides are sluggish in the upper reaches. It differs from it, however, in that no large 
town is situated on its shores. In this Lough, however, ulva latissima does not occur 
in any quantity. 


In Dublin Bay the conditions under which Ulva latissima occurs in quantity are both 
interesting and significant. 


Broadly speaking, the upper reaches of the Bay are divided artificially into two por- 
tions by the so-called Pigeon House wall, which extends for more than a mile and a half 
in an easterly direction, and terminates in Poolbeg lighthouse. A second wall, called 
the North Bull wall, juts out from the northern shore of the Bay at Dollymount, and 
extends in a south-east direction to within about 1,000 feet of Pool Beg lighthouse, ter- 
minating in a-second lighthouse called the Bull. The northern part of the Bay thus 
almost enclosed by the two walls forms the harbour. On the other hand, the southern 
portion of the Bay is quite open (see Map facing p. 271). 


The harbour receives not only the waters of the Liffey River into which the major 
portion of the city sewage at present flows, but also those of the Tolka River, which is 
polluted by a large sewer running into it close to its mouth, while another large sewer’ 
discharges directly on to the northern shore close to the city, as well as a considerable 
number of smaller sewers the whole way thence to Dollymount.* 


On the other hand, no sewers of any magnitude (if indeed any at all ?) discharge their 
contents into the southern portion of the Bay until Blackrock and Kingstown are reached, 
which are quite at its mouth. Thus, broadly speaking, the northern portion of Dublin 
Bay consists of a polluted area, while the southern portion is unpolluted. Now, 
plenty of the u/va is found on the northern shores of the harbour, and is washed up along 
the Clontarf foreshore, where, as in Belfast Lough, it rapidly putrefies in warm weather, 
and gives rise to a nuisance. On the other hand, the southern portions of the Bay seem 
to be quite clear of the seaweed until Blackrock and Kingstown are reached, where it 
is found in fair quantity. 


4. Toe SPONTANEOUS APPEARANCE AND GROWTH OF THE ULVA AND SOME OTHER GREEN 
SEAWEED IN SEWAGE EFFLUENTS. 


Perhaps the strongest piece of evidence in support of the view that the growth of cer- 
tain green seaweeds is associated with sewage pollution is that afforded by their recent 
appearance and development during the purifying processes to which a certain portion 
of the Belfast sewage is submitted at the experimental works. 


In the autumn of 1902 patches of a green growth made their appearance on some of 
the lower contact beds filled with brick fragments, and this growth had the appearance of 
one of the varieties of green seaweed at an early stage of development. By the spring 
of 1903 these growths had developed into large patches of Ulva latissima distributed over 
the surface of the beds, but especially abundant at their margins. 


The fronds were quite healthy and of considerable size, being in many cases four or 
five inches in diameter, and several barrow loads could have been removed from the beds, 
so abundant was the seaweed. Probably the growth would have been even more vigorous 
but for the persistent attacks of earth worms, which were found in it in large numbers. 


In the winter of the same year the patches of seaweed dwindled in size, but did not 
disappear entirely, and again in the following spring (1904) vigorous growth was observed, 
but some, at least, of the seaweed was now found to consist of a species of enteromorpha,t 


* Since this was written a new main drainage scheme for Dublin and the northern portion of Dublin Bay 
has been inaugurated (see p. 301). 

+ The growth has continued this year (1905), and for the first time the seaweed then appeared in the upper 
contact beds. ; ae 
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t may be mentioned that the beds in question were employed for the treatment (second 
contact) of screened and settled sewage without intervention of the septic tank. 


In another part of the experimental station a small (closed) septic tank had been con- 
structed, together with a pair of small contact beds (one upper and one lower) also filled 
with brick fragments. The screened and settled sewage aiter being treated by this 
installation flowed into a pond from which it was occasionally pumped. 


In the spring of 1902 green vegetation also appeared in this pond and increased so 
rapidly that in a few months the pond was practically full of it, and on a botanical 
examination it was found to consist of the green seaweed EHnteromorpha compressa. Later: 
in the year, however, another species of enteromorpha appeared, viz., HL. intestinalis and 
also the ulva. 


How did these seaweeds originate ? It was not possible for sea water or seaweeds to 
gain admission directly either into the contact beds or into the pond in which the entero- 
morpha was found. 


But on the other hand leakage of water from the tidal river Lagan into the low level - 
sewer (which runs beside it) was not only possible but was known to occur. Moreover, 
a portion (and probably a not inconsiderable one) of the river water is introduced into 
the sewer by manufacturers who use it for condensing and other purposes. 


Thus the only probable explanation of the occurrence of the seaweeds in the sewage 
effluents is that their spores were carried by the tide up the river and thence passed into 
the main drainage system. : 


That seaweeds of any kind should make their appearance and grow freely in a sewage 
effluent is very singular, but Belfast sewage contains as a rule abundance of chlorides— 
no doubt introduced as sea water in the manner just mentioned—not infrequently amount- — 
ing to more than 100 parts per 100,000 (0°1 per cent.), though at other times it sinks to 
nearly the normal amount. It is evident, therefore, that green seaweeds have remark- 
able powers of adapting themselves to what would appear to be a very unfavourable 
environment, and that they can thrive in water which frequently changes its degree of 
salinity through wide ranges. 


THE FUNCTIONS OF GREEN SEAWEEDS IN NATURE. 


From what has been stated regarding the occurrence of the ulva, and the remarkable 
powers of assimilating nitrogenous compounds such as ammonia and nitrates which that 
seaweed possesses, it seems highly probable that it may be regarded as an instrument 
which nature has designed for the final purification of polluted sea water. 


After bacterial action is over and the nitrogen of the albuminoids and other organic 
compounds originally present in the polluting matters has been converted into ammonia 
or nitrates, the ulva comes into play and rapidly absorbs these substances. 


But this is not its only function. for in common with all green vegetation carbonic 
anhydride is necessary for its existence, and this it finds supplied to it in abundance b 
those processes of resolution which .the micro-organisms have already effected in the 
organic constituents, both nitrogenous and non-nitrogenous, of the polluting matters. © 


And here attention may be drawn to a somewhat important difference between terrestrial 


and aquatic plants in relation to the gaseous exchanges which occur between them and 
the fluid media which surround them. 


In the case of land plants growing in manured soil, the carbonic anhydride evolved 
from the latter passes into the air where it rapidly diffuses, and unless confined (as in a 
gardener’s “ frame ”’) is quickly removed from the sphere of plant action. 


But in the case of aquatic plants growing in a sewage polluted water, the escaping’ 
carbonic anhydride is retained in solution, and consequently, if not swept away too rapidly 
by currents, 1s immediately available for absorption by the plants. 
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The absorption of carbonic anhydride by any green plant is attended later by a cor- 
responding evolution of oxygen, and here again there is a difference between land plants 
and water plants in their relations to this gas and their surroundings, of precisely the same 
kind as that just mentioned for carbonic anhydride, namely, that in the case of aquatic 
plants the escaping oxygen is retained in solution and hence is available for self purify- 
ing ’’ purposes by the water. 


It is quite possible indeed to obtain a jar of oxygen gas from sewage itself, the oxygen 
coming eventually from the organic compounds originally present in the sewage. It is 
only necessary to expose a bottle filled with sewage (or better, with a sewage effluent) to 
light, when after a time green growths make their appearance, and soon a rapid evolu- 
tion of gas takes place which, if collected, is found to be almost pure oxygen.* 


Here the course of events is, no doubt, as follows. The first attack of the micro- 
organisms results in what has been termed the “ carbon fermentation,” that is to say the 
chief chemical change which occurs consists in the liberation of carbonic anhydride 
from the organic compounds. The spores of the green growths are present in the original 
sewage, and germinate when the conditions become favourable. The resulting green 
growths next act on the carbonic anhydride and convert it into oxygen, absorbing carbon 
from it, and also nitrogen from the ammonia produced during the putrefaction of the 
organic matter. 


The importance of aquatic vegetation in supplying dissolved oxygen to a given water 
and more especially to a polluted water cannot be over-estimated, both as regards the 
self-purifying processes occuring and also in relation to the lives of aquatic animals. 


The ulva is not only characterised by its ability to absorb ammonia and nitrates, but 
also (and no doubt as a result of this action) by the large volumes of oxygen which it 
gives off. The stimulating effects produced by adding either salts of ammonia or quan- 
tities of a sewage effluent to the sea water in which fronds of the wlva are growing were 
frequently noticed in the experiments previously described—leading to a rapid evolu- 
tion of gas from the surface of the seaweed, which occasionally amounted to a veritable 
effervescence. 


Two special experiments were made in which the dissolved gases contained in a sample 
of sea water were extracted (by boiling out 7m vacuo with sulphuric acid)—both im- 
mediately after adding the polluting material, and again some hours later—and were 
then analysed. The following results were obtained : — 


EXPERIMENT 1. (DAYLIGHT). 


Gases found in cubic centimetres per litre in the water at N.T.P. :— 


Immediately after adding Ammonium Chloride Equivalent to 


0-180 parts of ammonia per 100,000. Four Hours Later. 








Carbonic Pee = ep - - - - - - - - 21°69 15°90 
Oxygen - 2 ‘ - é = - - - - - - 11°41 14:84 
Nitrogen - - - - - - - - - - - eres: ey 6 9°88 
Loss of dissolved carbonic anhydride — - : a it yh fe FOO 
Gain on dissolved oxygen - - - - - - - 343 


[About 2 cubic centimetres of evolved oxygen gas were collected in addition.] 


EXPERIMENT 2 (DARKNESS). 














Immediately after adding 20% of a Sewage Effluent Four Hours later. 
Carbonic meee - - - - : - - - : - 63°59 66°44 
Oxygen-  - > mh aes genie email tiie Boagepet a) ey AN 3°85 
Nitrogen IRE EOD A. OEMS ties Ve ED ood ad) IO sD s 96) 11°74 
Gain on dissolved carbonic anhydride - Sh Be - - 2°85 
Loss on dissolved oxygen 2S Cee wens 277 =) 4G 





’ * Tn an experiment thus conducted with a flask containing about 3 litre of a sewage effluent more than 
20 cubic centimetres of oxygen have been collected in twelve hours. 
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The above analyses are interesting in several ways. Thus in the first- experiment - 
the amount of dissolved oxygen found is greatly in excess of that given by Dittmar in , 
the “‘ Challenger ” reports for the volume of oxygen which one litre of sea water can take 
up from air. The action of the wva was, therefore, in a sense to super-saturate the sea . 


water with oxygen. 


Secondly, the amount of carbonic anhydride found in the same experiment is much 
less than that present in normal sea water, Dittmar’s average amounting to about 48» 
cubic centimetres per litre, of which, in all probability some 40 cubic centimetres are» 
in the form of soluble bicarbonates of calcium and magnesium. It is evident, therefore, 
that the ulva had gained its carbon chiefly from the carbonic anhydride of these salts. 


Thirdly, the results of the experiment in darkness demonstrate in an interesting 
manner the true respiration of the ulva, carbonic anhydride being evolved in practically 
the same amount as that of the oxygen disappearing. , 


It is a well known fact that a few fronds of growing ulva keep a marine aquarium 
healthy. In the light afforded by the experiments described, the reason for this seems 
clear. 


Not only is it an admirable scavenger, but it also provides an abundant supply of oxy- 
gen, while at the same time removing the dissolved carbonic anhydride, Not only is 
the dissolved oxygen of importance to the lives of the marine animals, but it also pre- 
vents, or at least, retards putrefactive changes. : 


Although direct experiments have not as yet been made with other species of green 
seaweeds, it can scarcely be doubted that their functions are of a similar character to those 
of the ulva. | 


The suggestion may indeed be made that seaweeds generally form a kind of mechanism, 
whereby the nitrogenous substances washed out of the soil and constantly passing down 
rivers into the sea are retained and prevented from escaping into the ocean. 


That the ulva should at times cause a nuisance by its excessive growth and subsequent 
decay, is, 1t need scarcely be said a mere accident, and may indeed be regarded as an 
example of the difficulties attending the disposal of organic refuse in a thickly populated 
district. weds 


well 


Could the growths of the ulva which are cast ashore. in Belfast Lough in thousands of 
tons annually be transported without cost, or even at a trifling cost, to the outlying agri- 
cultural districts, no nuisance would ever occur in the Lough itself, as the farmers would 
be only too eager to remove the seaweed. But the local supply exceeds the local de- 
mand, and as yet no simple and economic method has been discovered for converting 
the seaweed into a manure or other commercial product of sufficient value to meet the 
cost of collection, and these remarks also apply to other localities where the seaweed 
occurs In quantity. 


MISCELLANEOUS NOTES ON GREEN SEAWEEDS. 


(1) Ulva latissima appears to’ be a seaweed of the annual class. It dies down in the 
winter to reappear in spring and summer. But like other annual plants it may survive 
during a mild winter under natural circumstances,* and observations made in Belfast 
show that it often does so. On the other hand during a hard winter it completely dis- 
appears, at least on the large scale ; and the change in the appearance of the banks ex- 
posed at low water from green to yellow (viewed at a distance) is quite striking. But 
even in fairly early spring after a hard winter, large fronds of wva appear which can 
scarcely be the product ofja few months’ growth. Have these fronds lain in the deeper 


water during the winter, and been floated up by the bubbles of disengaged oxygen as 
the sun regains its power ? 





* When kept in an aquarium and not exposed to frost it lives for an indefinite time. 
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_. (2) Functions of aquatic vegetation.—Our studies on these green seaweeds seem to open 
up a wide field of research as to the functions of aquatic plants in general, which we think 
would be well worth attention. Every plant and no doubt every organism has its proper 
place and functions in nature, and the occurrence of a particular species in a given locality 
no doubt has its own special significance. Anyone who has carefully examined the ap- 
pearance of a stream into which sewage is discharged, on the one hand near the outfall 
and on the other lower down, must have been struck with the changes to be noticed in 
the character of the vegetation. The sickly looking grey or brown filamentous growths. 
which are to be found adhering to the stones, etc., near the point of discharge, gradually 
give place as the stream is descended to green vegetation of various kinds, and the appear- 
-ance both of the stream and water would be described im ordinary language as “ clean 
looking.” Can it be doubted that each of these different forms of vegetation exercises 
its own specific functions on the water and prepares it for those of its neighbours further 
down ? 


Similar remarks no doubt apply to the different growths which appear in sewage itself 
during the different stages of its purification by the processes now employed. “ Every 
-liquid of greater or less impurity passing through the channels, seems to register its con- 
dition on the walls of the.channel; in some cases grey growths, in other cases green 
growths, in other cases you are liable to get more organised plants.’’* 


It would, we suggest, be of considerable interest to investigate the chemical changes 
_induced in a polluted water by at all events the chief types of these different forms of 
vegetation. 


(3) An aquatic sewage farm.—The preceding remarks suggest that possibly sewage might: 
be satisfactorily treated by what might be termed an “aquatic sewage farm,” that is 
to say that it might be passed through a series of tanks each containing a predominance 
_of those forms of vegetation suitable to effect the successive changes leading to its final 
resolution into inorganic compounds which would be absorbed by the vegetation and a 
well oxygenated effluent result. One of us has suggested this idea in connection with 
the ulva nuisance at Belfast, the proposal being to submit the effluent from the ordinary 
purification processes to a final treatment in a tank or lagoon containing plenty of the 
ulva to remove nitrates and any ammonia remaining, and so to prevent the growth of the 
seaweed in the Lough itself where it is so difficult to collect, by thus cutting off its sources 
of nourishment. 


(4.) The amount of ulva which may be produced from the sewage of a given locality.— 
The following calculation may be of interest as showing the possible extent of an ulva 
nuisance due to the sewage of a given locality. Take the case of Belfast, for example, 
with a population of some~350,000,- and. suppose.(1)-that.the ulva derives its nitrogen. 
from the ammonia present in ue sewage ; (2) and, further, that all this ammonia is ab- 
sorbed by the seaweed, and passes into its tissues; also (3) that the ulva as collected, 
contains 90 per cent. of ‘moisture. Then as the ulva from Belfast Lough contains 6 per 
cent. of nitrogen, and Belfast sewage 2 parts per 100,000 of nitrogen as ammonia— 
both in round numbers—one gallon of sewage can originate 


2X 70,000 100 


EE en oe 


100,000 6 aay 
or in round numbers, 23 grains of dry Bawaed: and one pound of dry seaweed will be 
produced from 


7,000 


23 





* Part af a question spend one of us by Col. Harding. See Fifth Report of Royal Commission on Sewage 
Disposal. Vol. IT. (Q. 24858.) 
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or about 300 gallons, and one pound of wet seaweed from about 30 gallons, 2.¢., the daily 
sewage of one individual. Consequently, in one year the total production of wet seaweed 
from the population of Belfast would amount to 


365 X 350,000 


—— ee 


112 x 20 
or about 57,000 tons. 


There are, of course, obvious fallacies in the assumptions made in the above calcuia- 
tions, of which the chief are—(1) that all the ammonia in the sewage passes into the sea- 
weed, and (2) that the production of seaweed occurs all the year round; but as a set off 
io these, no account is taken of the ammonia gradually evolved from the sewage sludge 
which has accumulated for years in Belfast Lough, and which actual experiment has 
shown to be constantly giving off that substance. Also it can scarcely be doubted that 
the putrefying ulva itself gives off ammonia, although no direct experiment has been 
made on this point. 


(5.) Ulva latissima in foreign waters.—The occurrence of this seaweed in polluted loca- 
lities is not confined to British waters. Mr. Thomas Thornton, at that time travelling 
Inspector of Cotton Growing, writing to one of us from Barbados in 1904 stated that he 
had found it in abundance there in the neighbourhood of a sewage outfall, but had not 
seen it elsewhere in the island. 


During a recent visit to the town of Lerici in Italy, one of us found the same seaweed 
in abundance in the harbour which is extensively polluted with sewage, but not (in appre- 
ciable quantities) along the neighbouring coast where sewers were absent. 


(6.) Disappearance of ulva when pollution ceases.—Surgeon-Colonel Flynn of the Local 
Government Board (Ireland) has informed one of us that formerly the southern shore in 
the upper reaches of Dublin Bay was polluted by sewage and that ulva was then found 
there in quantities. Since this sewege has been intercepted and taken to Kingstown the 
growth of ulva has been transferred to that place near the outfall and in the harbour. 


H. A. L. 
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SECTION 4. 


ON THE gEFFECTS{ INDUCED BY DIFFERENT METHODS OF 
SEWAGE PURIFICATION. 
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ON THE EFFECTS INDUCED BY DIFFERENT METHODS OF SEWAGE 
PURIFICATION. 


_ It may be suggested that the type of purification process for a given locality 
might often vary with advantage according to the conditions there prevailing and 
the nature of the interests mainly involved. 


In preparing an effluent for discharge into a non-drinking water stream (the 
only case which need here be considered) it seems to us that it is important to 
distinguish between the following cases :— 


(1) Effluents passing into a non-fishery stream. 

3 The same passing into a fishery stream. 

(3) The same passing into an estuary or tidal locality where a nuisance 
arising from the growth and subsequent decay of green seaweeds is 
to be avoided. 


The first of these cases is of special importance in relation to certain manu- 
facturing districts, such as those in the watersheds of some of the Lancashire and 
Yorkshire rivers, where the population is dense, the manufacturing interests of 
prime importance, and the rivers small. In many of these places the rivers consist 
mainly of sewage and manufacturing effluents, and fish life is impossible. 


Under these circumstances the main object to be kept in view is the prevention 
of a nuisance, and in all probability that is best accomplished. as regards sewage 
treatment by first separating the solids as completely as can be done, and then 
obtaining as highly nitrated an effluent as possible. 


In cases of this kind the amount of dissolved oxygen in the effluent as it leaves 
the purifying station is not a factor of prime importance, provided that nitrates are 
present in sufficient quantity to prevent eventual putrescence.* 


But in the second class of case the requirements are different, the presence of 
nitrates not being essential, while on the other hand dissolved oxygen is the important 
factor. 


Hence an effluent which is discharged into a fishery stream ought, in addition 
to being free from suspended solids, and devoid of substances toxic to fish, to be 
sufficiently aerated. 


In the third class of case, that is to say the avoidance of an wva nuisance at a sea- 
side locality, or the growth of excessive vegetation in rivers, the main object to be 
aimed at should be the removal from the sewage or effluent of those substances 
which encourage the growth of aquatic plants, namely ammonia and. nitrates. 


As one of us has been engaged for several years past in an experimental 
study of the latter question, and as tle results of the investigation bear generally 
on the subject of the effects of different methods of sewage treatment on the nature 
of the resulting effluent, some account of the work may be useful, especially as the 
sewage dealt with was in all cases from the same source, so that the results obtained 
are comparable with each other in the different series. 


1. Effects of treating screened and settled Sewage by Double Contact Beds, 


The experimental plant to test the effects of this method of treatment consisted of 
four beds—two upper and two lower—each bed being about 90 feet long and 72 feet 
- wide, and with an average depth of 3 feet. 





The filling material used in three of these beds (one upper and two lower) consisted 
of broken bricks, and in the remaining bed of coke. The material in all the beds wa; 
of the same size, namely, about 24 inches in diameter. It should also be stated that 
when the experiments were commenced the beds had been working practically con- 
tinuously for two years. 


* See Appendix 1 of this Section, 
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The sewage was that of the city of Belfast, most of which by the method of 
disposal then employed after rough screening passed into a large underground tank, 
where it was stored previous to discharge into the Lough on the ebb tide. In the 
experiments in question the time occupied in each working cycle of the experimental 
contact beds was as follows :— 


Filling upper beds - - - - - - # hours 
Resting full (upper beds) - - : - eee ar 
Emptying upper and filling lower beds - - ee 
Resting full (lower beds) — - - - - SI 2ROLS 


Systematic analyses were made of the screened and settled sewage and of the 
effluents from first and second contact with the beds during a period of six months, and 
under different conditions of weather, time and season, in order to obtain information 
as to the average effect of the purifying process. 


These analyses are given in detail on pages 46 and 47. Here it will be sufficient to 
mention the chief results obtained. 


Regarding the free or saline ammonia, it was found as the mean of all the deter- 
minations that 274 per cent. was lost after single contact, and 513 per cent. after double 
contact, while the corresponding figures for the albuminoid ammonia were, in round 
numbers, 414 and 71 respectively. 


Virtually no nitrates or nitrites were found in the effluent, but on the contrary, 
the small quantity of nitrate present in the original sewage (average 0°14 parts of nitric 
nitrogen per 100,000) almost entirely disappeared (average in the effluent 0°03 parts of 
nitric nitrogen per 100,000). . The question therefore arose as to what had become of 
both the ammoniacal and albuminoid nitrogen which had disappeared from the sewage 
during the purification process, and it was suggested that this disappearance could 
occur in two ways only, namely, (1) that the missing nitrogen had been converted 
into free nitrogen which had escaped in the gaseous state, or (2) that nitrogenous 
compounds might have passed into the tissues of animals or vegetables present in the 
contact beds. That the first of these explanations regarding part, at least, of the lost 
nitrogen was true, was definitely proved by the analyses of the dissolved gases in the 
sewage and effluents. 


Thus in all of the latter (from second contact) with one exception more free 
nitrogen was found than in the corresponding sample of the former. But as the first. 
six series of analyses only were made under exactly the same conditions, a detailed 
examination of the results may be confined to them. In these the excess of free 
nitrogen in the effluent from second contact (over that present in the sewage) amounted 
in weight to 0°272 parts per 100,000, while the loss of unoxidized nitrogen (Kjeldahl) 
which had occurred in the sewage amounted to 2°2 parts, and therefore rather more 
than 12 per cent. of the nitrogen lost was thus accounted for, while in one particular 
sample it amounted to nearly 20 per cent. 


It may, we think, be safely assumed that this excess of free nitrogen found in the 
effluent represented only a fraction of that actually produced, the remainder escaping 
in the gaseous condition. 


As regards the possibility that nitrogen is lost biologically, that is to say, that its 
compounds pass into the tissues of animals or plants which inhabit the contact beds, it 
is certain that a portion does escape in that way. Contact beds teem with living 
organisms in addition to bacteria, and a systematic examination of the different species 
present would be of great interest and value. In the beds employed in the experiments 
described above, and in similar beds which we have seen elsewhere, a small insect, 
Podura aquatica, was present in large numbers. Escaping in myriads from the beds, 
they often formed quite a thick layer on the surface of the pond into which the effluent 
passed, which from a distance looked like soot. There can be no doubt that these 
animals feed on the sewage and that in escaping they carry with them some of its 
nitrogenous constituents. 


Karthworms are also abundant in certain contact beds.* 


“s In the spring of 1907 large numbers of small worms were found in a tank at the Belfast Experimental 
Works into which the effluent from a sprinkling filter passed. These were submitted to Mr. R. Southern, of 
the Dublin Museun, for identification, who reported as follows :— minds 

“The species is Lumbricillus (Pachydrilus) subterraneus (Vegdoysky). It is described in the Revue 
Biologtyuedu-Nord de la France, 1889, p. 121. It is most interesting to find that the only other localities for 
this worm are the subterranean waters of Pragu and Lille, where Vegdovsky found it.” 
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Regarding vegetable life, as elsewhere stated in this Report (pp. 163-4), a species of 
Enteromorpha appeared spontaneously on the surface of the contact beds at Belfast 
some years ago and is now growing luxuriantly, and to such an extent in the summer 
months that the surface of the beds appear quite green, The functions of this sea- 
weed in relation to sewage are discussed elsewhere in this Report (p. 164), 


2. Effects of treating Sewage in a Septic Tank and afterwards by Double Contact Beds. 


A systematic series of experiments was conducted on this method of sewage treat- 
ment, in consequence of the observation that a much higher degree of purification 
appeared to have been obtained in those places where this method was adopted than 
in others where the sewage was submitted to contact bed treatment only. Thus at 
Manchester, where an experimental septic tank and contact beds had been installed 
some time before our own experiments, the purification amounted to 84 per cent. in the 
free ammonia and 82 per cent. in the albuminoid ammonia, whereas both at Leeds and 
Belfast, where the sewage was submitted to contact bed treatment only, the results 
were similar and amounted to a loss in free ammonia of a little over 50 per cent. and 
albumenoid ammonia to rather more than 70 per cent, 


The plant employed in our experiments consisted of a small closed septic tank in 
conjunction with two new sets of contact beds. 


The septic tank was not specially made for the purpose, but formed part of a 
disused brick culvert. It had a capacity of about 4,700 gallons and was filled by gravi- 
tation with screened and settled sewage from the large underground storage reservoir 
already mentioned. 


The contact beds were each 19 ft. long, 11 ft. wide, and 24 ft. deep. The upper 
series contained fragments of broken bricks which passed through a 14in. mesh but 
were rejected by a 4 in. mesh, while the lower series contained fragments of the same 
material but of finer grade, namely, such as passed through a}in. mesh but were 
rejected by an $in. mesh. 


The working cycle of this installation was as follows :— 


Resting in septic tank - > 2 EL Toy re 
” 5» upper contact bed - = e “ re 
‘i », lower 5 eee e 3 - atl 


In all 9 complete series of analyses were made with this installation, the samples 
being collected on such days and at such times as would as far as possible give when 
the mean of the analyses was taken a fair idea of the average composition of the original 
sewage and of the purification effected. 


In another series of experiments on this method of treatment a new septic tank was 
was used, now an open one, but the same contact beds were employed as in the previous 
series. The working cycle in this series was as follows:— 


Iesting in septic tank - - - : - 19 hours* 
5 »» upper contact beds - - - . as ie, 
” ” lower ” ” oy . e 5 3 


” 


The analytical results obtained in this latter series of experiments are collected in 
the following table :— 








* Previous to reaching tne septic tank the sewage was kept in an underground storage tank for a period 
varying from | to 5 hours. 
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The following is a short summary of the average effects of this method of treatment 
on the more important factors, as indicated'by both the older (series A) and the newer 
(series B) set of experiments, ‘and also in both taken as a whole :-— » 


























Series. Average Actual Quantities in Parts per 100,000. Adie | 
; A Screened and Settled Sewage 1:889 | Purified Effluent 0°236 87 
ic as Free}) RSA Ad BY OSBMY Oboe aR - HOLES 85 
mmonia +f 
Sone cnt Bie. oie: %. » 201A 2 0275 86 
baer! 4 " 43 ».  O-758 4 ey YO-008 73 
Nitrogen as Albumi- ; ; 5 
noid Ammonia ... e y f? fe _ ee i si O-247 1 
| A and B ie ha s _ 0:795 ie ee 0:223 72 
A $3 ) 3 _ 6956 | A | AHS 78 
Oxygen Absorbed Tih , 
tha8 4 B K ta ray tie Ee COT i kbd 80 
A and Bip i - * a 7077 cy 5 1:509 79 «4 
A ” bP) ” ” 0:236* bb bP) 0°56T 
Nitrogen as Nitrates ¥ 3 ’ og ¥ 0.0028 i 2 ani) oO 8% 
A and B “ A " Bs 0:177 es es 0°62 














The most noteworthy and important feature in the analytical ‘results obtained in 
the investigation was the high purification indicated as regards the free ammonia (most 
of which appears to be got rid of in the lower series of contact beds)—the actual 
purification in this factor being, as already stated, over 86 per cent. as the average of 
all the determinations compared with 51 per cent. found in the previous experiments 
on the purification brought about by treatment of the sewage with contact beds only. 


The loss in albuminoid ammonia is not very different from that obtained by contact 
bed treatment only (average for the latter, 71 per cent.). 


1 
ig 


The loss in the Oxygen Absorbed test shows a decided improvement over that 
resulting from contact bed treatment only (average for the latter, 71 per cent.). 


An important feature is the production of nitrates, which is in sharp contrast with 
the non-production of nitrates, and even their destruction, during the treatment of 
sewage by contact beds only. 


How can this difference be accounted for ? 


The simplest explanation is that the anaerobic treatment in the septic tank 
“prepares” the sewage for subsequent aerobic treatment on the contact beds, and 
encourages both the loss of free or saline ammonia and the production of nitrates—this 
preparing action consisting of chemical changes induced either by indirect (enzymic) 
or direct bacterial action, whereby the more complex organic molecules are reduced to 
simpler ones. In other words, septic action may, and in all probability does, mark a 
step in the resolution of complex organic bodies into the simple compounds which are 
formed as ultimate products, namely, ammonia, nitric acid, and carbonic anhydride. 


But an explanation of a totally different kind may also be suggested. 


As before stated, it is well known that nitrates when in contact with putrefying 
organic matter are reduced to nitrogen gas. 


In the septic tank a large proportion of the sewage solids (in suspension), including 
those of an organic nature, is removed merely by sedimentation, while a further 
quantity of the latter (varving, it is now believed, from about 12-25 per cent. of the 
original total) is resolved intu gaseous products such as marsh gas, ammonia, nitrogen 
and hydrogen. The effluent from a septic tank is therefore considerably poorer in 
organic matter than the original sewage. Those who have studied the conditions under 
which nitrefication occurs agree that the presence of organic matter is inimical to the 
process, and therefore, for that reason alone, nitrefication should occur more readily in 
the effluent from the septic tank than in the original sewage. . 


* Mean of 4 Series of Analyses. + Mean of 7 Series of Analyses. t Mean of 3 Series of Analyses. 
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But in addition to this, supposing that nitrefication does occur to a certain extent 
when the latter is treated directly on contact beds: these beds in course of time become 
loaded with solid organic matter, and the conditions are consequently favourable to 
denitrefication. Under these circumstances it is not only possible, but also probable, 
that the latter process may occur to such an extent that the nitrates originally formed 
disappear and are resolved into nitrogen gas. 


As denitrefication can only take place in the absence of dissolved oxygen, sup- 
posing that the above-named changes have occurred—that is to say, first nitrefication 
and then denitrefication—the effluent should be free from dissolved oxygen and also 
charged with an excess of nitrogen gas, both of which effects were, in point of fact, 
actually observed during the investigation on the effects of contact bed treatment only. 


But on the other hand, it will be noticed that the effluent from septic tank and 
contact bed treatment in all the samples examined in relation to the gases they held in 
solution (table on page 174) contained a fair amount of dissolved oxygen (probably about 
one-fifth of the amount which the liquid could take up from air). But the analyses of the 
dissolved gases also indicate a slight but distinct increase in nitrogen during the period 
of septic action, and a very decided increase during the period of contact bed treatment. 


The average figures for the dissolved nitrogen found were as follows :— 


Screened and Septic Tank Lower Contact 
Settled Sewage. Effluent. Bed Effluent. 


Dissolved Nitrogen (c.c. per 
Litre at N.T.P.) ae 1671 16-9 18°6 


On first thoughts it may seem highly improbable that the excess of nitrogen found in 
the lower contact bed effluent could owe its origin to denitrefication, because, as already 
stated, that process only occurs in the absence of free oxygen, and the latter was found 
in the effluent. 


But the difficulty in the explanation is an apparent one only, as we believe the 
following considerations will show :— 


At a certain stage of the contact treatment the bed may be supposed to be charged 
with a liquid which is both aerated and nitrated. 


The solid material of the bed contains organic matter, probably precipitated in 
films or layers on the surfaces of the solid fragments. Diffusion of the liquid occurs 
continuously both into and out of these layers of organic matter. The ingoing stream 
carries both nitrates and dissolved oxygen. The latter is first seized on and absorbed by 
the organic matter, and the liquid, now oxygen free, diffuses still further into the layer, 
and becomes denitrefied. The outgoing stream is now charged with nitrogen gas, but 
is free from dissolved oxygen, and mingling with the undiffused liquid produces a 
mixture which contains less oxygen but more nitrogen than was originally present. 


Regarding the extent to which the changes occurring in contact beds are influenced 
by the size of the solid fragments in them, and by the nature of the medium of which 
the fragments are composed, it is, we believe, generally agreed that finer fragments are 
more efficient than those which are coarse, while there seems to be a difference of 
opinion as to whether the nature of the material affects the results. 


Our own experiments are distinctly in favour of the view that the nature of the 
the material has a decided influence. 


The following, among many experimental results, may here be given :— 
_ A series of upper and lower contact beds was constructed of precisely the same 
dimensions, which were filled with different materials graded as to size of fragments as 


explained in the table of results. 


All of these beds were simultaneously charged from the same septic tank, so that 
the results as to purification effected are strictly comparable. 
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The following results were obtained :— 
EXPERIMENTS ON THE USE OF DIFFERENT MATERIALS IN CONTACT BEDs. 


AVERAGE RESULTS. 















































Filling Material. Parts per 100,000. 
Nitrogen as :— 
| Oxygen 
Liquid Analysed. Sus- jabsorbed) | % | 
Nature. Grade. pended | Test (4 cy eae PA 
Solids. | hrs. at eh = 
° o =| a) =| y 
80°F). | 22/28) 5 
maailad| & 
Crude Sewage... se = — 34:07 LO Od th 124. 10:13 
Screened and Settled Sewage... oes = — 7:26 | 2°19 | 0°85 | 0:09 
Septic Tank Effluent see — — 11:37 6:16 2°70 | O67 | — 
Effluent from Double Contact | Broken Brick! Mediumand Fine! 0°66 1-44 0°32 , 0°25 | 0-76 
me 3 ...| Freestone P — 2°50 1:03 | 0°33 | — 
Be eS ...| Whinstone my -- 1:97 OS O22 08 
a o ...| Clinker 5 — 2°30 1407)" 0°58 1) 
a _ ...| Coke 4 ae 1:99 | 1:07] 033} — 
a - .... Limestone e aus 2:31 | 0:98 | 0:24 | 0-47 
i? A ...| Ditto Coarse & Medium —- 1°75 0:96 | 0:21 | 0-42 
“Coarse” = Fragments passing through a riddle 2} in. mesh, but rejected by one of 12 in. 
ob Medium » ” 13 ” ” 3 ” 
“Fine” = ” $ ” 9 3 ” 
In the following table the above results are presented in a different way :— 
Mamher Percentage Purification . in 
Material. Grade. f ey Oa hike eh. he ORE 
arora ie ene Oxygen Free Albd. 
Absorbed. | Ammonia. | Ammonia. 
Broken Brick... am ...| Medium and Fine ... 6 80 85 71 
Freestone... a ee ue . 3 68 of 64 
Whinstone ... aie ve is 59 3 75 48 68 
Clinker one see ‘= * a3 2 71 49 61 
Coke ... te. ie a. $3 $3 2 15t 61 64 
Limestone... Coser es ml). 4 74 49 74 
Ditton: ate “2 ...| Coarse and Medium 5 78 54 76 


* Referred to Screened and Settled Sewage. 
+ Two Series of Analyses. 
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The following table may be of interest in relation to the extent of some of the 
changes occurring in the Septic Tank as determined by different observers. 


i 


CHANGES OCCURRING IN THE SEPTIC TANK. 








Nitrogen as :— 














Free Ammonia. Albuminoid Ammonia. 
Year. Locality. Analyst. [Parts per 100,000.| Pereent-| Parts per 100,000, | Percent 
a es ee hres ie age In- 
Septic tai (1) Septic pes, (7) 
Sewage. eae : Decrease | S°Wase “nee Tidemeace 
| (0) | 
» 1896 Exeter ...| S. Rideal 3°6 49 |1I 36 1-40 0-64 D 54 
‘ gs WATER Rete wel een coe aeey 4:3 266 | D 38 
1899 Caterham + | ,_,, sl wal Sie 14-9 17. 13 4-0 7 ar ks antl 6 ts 
1899-1900 | Leeds ...| W. H. Harrison 1eO4nlie past oD Chg 0:87 . 0°35 D 61 
1900-1901 | Manchester | G. Fowler 5 1:67 E65 ee 1:78 095 | D 46 
1903-1904 | Belfast ¢ ...| E. A. Letts... 2°21 270 toes 0°85 0°67 aa a | 
1902-1903 Bs soled Bes eh it 1:89 192]/I 2 0-76 0-72°| D 
1906-1907 5 A le 77 82 }1 1 sa as ze, 











All the observations agree in showing a loss in albuminoid ammonia as the 
result of septic action, and the majority in showing the converse as regards free 
ammonia, as was to be anticipated, and further that the development of free 
ammonia is dependent on the length of the period of septic action. 


It is difficult to find an explanation for the decrease in free ammonia observed 
in the Leeds experiments. 


3. Effects of treating Sewage by a Septic Tank and Continuous or Sprinkling 


Filters. First Experiments. 


This method of sewage treatment is we believe coming more and more into 
favour, and its introduction marks a distinct advance in the methods of sewage 
treatment generally. We shall discuss its advantages later on. 


In our first experiments to test the effects of this system of sewage purification, 
the “sprinkler” used was of the revolving type (Mather and Platt) and was inter- 
mittent in action, discharging for a period of three minutes after a rest of seven 
mintites in the first six experiments, and in the remainder the period of rest was 
ninevand: a quarter minutes. The following particulars may be given :— 


Height of filter bed - - - - - - - - A feet. 

Diameter — - - - - - - - - - - 20 feet, 

Area - - - - - - - - - - about 35 square yards. 

Quantity of sewage treated per cubic yard of \ Series 1- 6 - - 195 gallons. 
medium per 24 hours - - - - »  t-14 - - 1560 2 


The filter bed was arranged in quadrants to test the effects of different kinds 
and different grades of materials, but as the experiments on these points were made 
later a joint sample from all four quadrants was examined. The nature and size 
of the material in the four quadrants were as follows :— 


Quadrant i, Burnt sleech, 2 inch to 1 inch (with air space below). 
ww 4, ” 3 (without air space below). 

9 3, Broken brick ,, A 

. 4, Destructor clinker, 2 inch to 1 inch. 


” 





Calculated on a uniform basis of 7 parts of chlorine per 100,000. 

The figures refer to nitrogen as free ammonia an organic nitrogen respectively 
19 hours septic action. 
12 ” ” 


6 ” ” 


4+ -- OK 
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The following is a summary of the chief results obtained :-— 


Average Actual Quantities in Parts per 100,000. Percentage Purification. 


Septic Tank Effluent | Series 1— 6 3°078 | 


pares ). 
Nitrogen as Free 9 9 5» I—14 2-734 








Ammonia... --2). Sprinkler... % » I1— 6 0911.) 70 
- ee » i—l4 0°337 88 

Septic Tank is » 1— 6 0°685 

Nitrogen as Albuminoid } ’ 2 Re Pea: he 
Ammonia... ° 4. Sprinkler x » 1— 6 0-346 50 
oF) cP) ” 7—14 0:173 71 

Septic Tank = » 1—6 6°38 

Oxygen Absorbed. Test z 2 see ae te ee 
(4 hours at 80° F.)) | Sprinkler i PA dal CS 2°44 62 
” ” ” i—\4 rl Sa 68 





Percentage of Nitrogen as Nitrate in 
Effluent referred to the Ammonia in 
the Septic Tank Effluent. 


Sprinkler 3 bite len 1°555 50 


Nitrogen as Nitrate ... 
3 . » %—14 1:608 59 


These results; so far as purification is concerned, are not very different from those 
obtained by septic tank and double contact bed treatment, but a much higher proportion 
of nitrate was produced. 


Second Experiments. 


In a second series of experiments a different form of sprinkler and.a different 
sprinkler bed were employed. 


The sprinkler was devised by Mr. Cutler, City Surveyor of Belfast, and consisted 
of four radial troughs 24 in. wide and 2% in. deep, connected at their ends with two. 
concentric annular troughs, the whole being slung by tie rods from a cap resting on a 
fixed central column round which the troughs revolved. The septic tank effluent was 
supplied by two nozzles, which discharged into the outside annular trough, and the 
motive power was obtained by the jets from the nozzles impinging on vanes fixed inside 
the trough. The radial troughs were perforated with holes arranged so as to distribute 


the sewage over the surface in quantities proportional to the area commanded by each. 
hole. 


The following particulars may be given :— 


Height of sprinkler bed — - - - - - 5 ft. 

Diameter _,, no eal Cone Mes Meehan kis 

Area . wor wip stl - - 124 square yards. 
Material : mn: - - - - Limestone fragments. 


Grade of material 24 in. below to Lin. at top. 
Sewage treated per square yard of medium per 24 hours—290 gallons. 
» 3 », cube Pr es n ene: Lia 35 
Period of septic action—19 hours* 


a 


Hf ys to reaching the septic tank the sewage was stored in another tank for a period varying from 
o 9 hours, 
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The following is a summary of the chief results obtained :— 
SECOND EXPERIMENTS—MEAN OF 7 SERIES OF ANALYSES. 


Average Actual Quantities in Parts per 100,000. Percentage Purification. 


eS a eee a ete. ar Er ee 


























Nit ery : Septic Tank Effluent 2°794 ae 
ia 
Nitrogen as Free Ammonia { Sprinkler : 0-999 67 
2 | ewan 
Septic Tank __,, _ | 0607 ae 
Nitrogen as Albd. Ammonia ... oP Rive . 
Sprinkler ro 0:201 67 
| k nit eek Lo eee =e 
Oxygen Absorbed Test am Bente leuk ie 
Sprinkler ¥ aa 2! 2°31 64 
Percentage of Nitrogen as 
Nitrate in Effluent re- 
ferred to Nitrogen as 
Ammonia in the Septic 
Tank Effluent. 
Nitrogen as Nitrate Sprinkler 5 oe tae 1394 _. 52 


Third Experiments. 


The following preliminary experiments were made mainly with the object of 
testing the effects of different “ filling” materials in the sprinkler bed. 


The latter was of the same size as in the first series, and was arranged in quadrants, 
each of which contained either a different material or a different grade of the same 
material, and was provided with an arrangement for collecting the effluent from each 
quadrant separately. The sprinkling arrangement was the same as that used in the 
first series. By this means the same sewage was simultaneously submitted to beds of 
either different materials or different grades of the same material in such a way that the 
results are strictly comparable with each other. 


The following is a summary of the results obtained :— 
EFFECTS OF DIFFERENT MATERIALS IN A SPRINKLER BED. 


MEAN RESULTS IN Parts PER 100,000. 














Oxygen NITROGEN AS :— 
Caer Absorbed 
ita A a: : ae Nitrate. | Nitrite. 
at 80°F.) | Ammonia. | Ammonia. 
‘Screened and Settled Sewage .| 5°60 (5*) | 2°990 (5) | 0-599 (4) — — 
Septic Tank Effluent... mi ae ...| 5°74 (5T) | 3°030 (5) | 0°547 (4) — — 
Burnt Sleech 24”—1%” (with air space below) | 2°36 (4) | 1°767 (4) | 0°225 (2) | 0-491 (3) | 0:18 (3) 
Limestone 24”—1}” 2°59 (2) | 2°350 (2) | 0°360 (1) | 0°301 (1) | 0-00 (2) 
Broken Brick 2’—1” 1:73 (5) | 0-635 (5) | 0-174 (3) | 1-563 (4) | 0-00 (5) 
Sandstone** 2}”—1}” 2-97 (3) | 1-917 (3) | 0-321 (2) | 0-432 (2) | 0-12 (3) 
PERCENTAGE PURIFICATION 
(On the Screened and Settled Sewage). 
Burnt Sleech_—.... bhi Ses Bs he 57 40 57 1677 6TT 
Limestone ie. PAG ba ta ui 50 ot 36 OFT OTT 
Broken Brick... as oo My = 69 79 72 51tt Ott 
Sandstone... Ps Pas eo 2m as 43 30 39 Stt 4tt 





The figures in brackets refer to the Number of sam 
* Including I Septic Tank Effluent. 

+ Including 1 sample of Screened and Settled Sewage. 
** 2in.—lin. in first Series. 


ples analysed. 


++ The figures refer to Percentage of Nitrogen as Nitrate or Nitrite calculated on He Nitrogen as 


Ammonia in the Screened and Settled Sewage. 
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Although the number of determinations made with the different materials was no 
doubt too small to warrant very definite conclusions, the results, so far as they go, 
confirm the good opinion previously formed of the superior efficiency of the broken 
brick material in relation to contact beds. The burnt sleech is of a similar nature, but 
its efficiency was considerably less, and it is difficult to see any reason for believing 
that the air-space beneath it could have acted inimically, except by reducing the depth 
of the column. 


The number of determinations made in the effluent from the limestone quadrant 
was small, and the results, such as they are, compare very unfavourably with those 
obtained in Series 2, where the same material was employed as in the sprinkler bed. 


The number of determinations made in the effluent from the sandstone quadrant 
was also small, but they confirm the unfavourable opinion of this material as a filling 
for contact beds, not alone from the comparative experiments described on p.177, but 
also from the character of the effluent obtained from certain large beds at Belfast, 
which were filled with this material and have been in operation for some years. 


Fourth Experiments. 


In these the sprinkling arrangement was that employed in the preceding series of 
experiments, but the bed was reconstructed. 


The following particulars may be given :— 


Height of Sprinkler Bed - - - - - - - . - 5 ft. 6 in. 
Diameter 3 i; - - - - - - - - =r 12 ft 
Area A _ - - - - - : - : - 124 square yards. 
Material # - - - - - - - - - Burnt “Sleech.” 
Grade of Material - - : - - - - : - -. 1|-din. 
Sewage treated per square yard of medium per 24 hours” - : - 300 gals. 

os Pee COC ge yy ~ es ask - - - 164 gals. 


It may be mentioned that several objects were aimed at in making the experiments 
of this series, of which the chief were :— 


(1) The effects of different periods of septic action or sedimentation, the periods 
chosen being 24, 12, and 6 hours. 

(2) The extent of the changes occurring at different depths of the sprinkler bed, 
for which purpose samples were drawn at depths of 2, 4, and 54 feet from the surface. 

(3) Certain experiments on denitrification, to be described presently. 

The following table contains a summary of the results obtained :— 


FOURTH EXPERIMENTS—SUMMARY OF RESULTS. 


Period of Septic Action or Sedi- 
mentation ... 15 ney 24 hours 12 hours 6 hours 


Number of Experiments made ... 3 3 20 





MEAN RESULTS IN PARTS PER 100,000. 











Nitrogen as: Nitrogen as: Nitrogen as : 
Free mie Free = Free mS 
Ammonia. Nitrate. Ammonia. se Ammonia. Nitrate. 

Crude Sewage... s Ae 1-290 —- 2-040 = 2°76 
Tank Effuent ... _... “it 2°873 — — 2417 — 2°810 

2 feet hp 2°250* 0°590 1-750 0 500 _ 
Sprinkler Effluent { 4 ,, ae 1185 1°625 0:407 1550 — 

5d ,, op 0:158 L787 0-060 1-917 0-114 2197 











PERCENTAGE PURIFICATION IN FREE AMMONIA AND PERCENTAGE OF Free AMMONIA 
CONVERTED INTO NITRATE. 


2 feet ye —64* 43 15 22 
Sprinkler Effluent { 4 ,, Ms 14 118 80 76 
Bk 7“ 88 137 97 94 96 "9 


| 
* ‘Ihe results are referred to crude sewage and not to the septic tank effluent, which accounts for apparent 
negative purification at this depth in the Sprinkler bed. 
6225.—Ap. VI. : 2B 
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Tt mav be noted that as the free ammonia and nitrates are chiefly concerned in the | 


Belfast problem, other determinations were not made. 


Regarding the effects of different periods of septic action or sedimentation : for 
several reasons the shorter the period the better, provided that efficient purification is _ 
induced later, and this is especially the case at Belfast, as prolonged septic action gives — 


rise to ammonia. From the above table of results it appears that a period of six hours 
for sedimentation is sufficient, and only causes a rise of about one per cent. in the free 
ammonia. 


Regarding the extent of the changes occurring at different, depths of the sprinkler 
bed, it may be mentioned that the results of one set of experiments are not given fully 
in the above summary. In this set the period of sedimentation was six hours, and the 
figures for the percentage reduction in ammonia and the percentage of free. ammonia 
converted into nitrate respectively were as follows :— . 


Ammonia. - Nitrate. 
2 feet aN 23 Fr 31 
Sprinkler Effluent Be ee mood 80 AY te 
BE, rie 100 ce 87 


Although the number of experiments made was insufficient, perhaps, to warrant 
any detailed conclusions; we think it may be safely assumed that under the given con- 
ditions (1) a depth of 54 feet in the sprinkler bed suffices for efficient purification, and 
(2) that the extent of the changes in the soluble constituents of the sewage is greatest 
below a depth of 2 feet. ey 


Finally, it may be mentioned that in the last eight experiments no free ammonia 
at all could be detected in the sprinkler effluent. Whether this was due to the bed 
having got into a thoroughly efficient condition, or was caused by the warmer weather, 
we have no means of deciding. 


From the results described above on the three different methods of sewage purifica- 
tion, it will be seen that in all cases where a high proportion of free ammonia was got 
rid of, nitrates made their appearance in the effluent. | ! 


In places like. Belfast, where the main object of sewage purification is the 
suppression of a nuisance caused by the growth and subsequent decay of large 
quantities of green sea-weeds—imore especially the uva /atssima—the ideal effluent to be 
aimed at for discharge into the sea is one which, as already said, shall be free from both 
ammonia and nitrates, as each of these substances encourages the growth of the green 
sea-weeds. Elsewhere in this report, however (see p. 159), it is shown that the latter 
absorb nitrates at only about one-third of the rate at which they absorb the equivalent 
quantity of ammonia—a point which ought not to be left out of consideration, Mean- 
while, it appeared as a fact established from the above experimental investigations, that 
while an effluent virtually free from ammonia can be produced, it can only be obtained 
at the expense—so to speak—of nitrate production. 


Such being the case, the next branch of the inquiry to which attention was devoted 
was the possibility of removing these nitrates from the purified effluent. 


_The following is an account of the investigations which one of us has made on this 
subject, either alone or in collaboration with, others. 


Lhe Chemical Changes which occur when Potasstum Nitrate is added to the Effluent from a 
Septic Tank.* 


The method of experiment consisted in completely filling two similar bottles (which 
were then tightly stoppered) one with the septic tank effluent alone and the other with 


the same effluent plus an accurately measured volume of a strong solution of potassium — 





* The experiments on this subject were made in collaboration with Mr. R, F, Blake, F.LC., F.C.S., and 
Mr. J. H, Totton, M.A. pee 
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nitrate, one cubic centimetre of which was equivalent to ten milligrams of nitric 
nitrogen—allowing the two bottles so filled to remain at the temperature of the 
laboratory for a given interval of time, and then examining their contents quantitatively, 
and more particularly as regards the dissolved gases. 


With one exception all the experiments were made with mixtures of potassium 
nitrate and septic tank effluent, containing 2°5 parts of nitric nitrogen per 100,000 of 
mixture in the case of the nitrated samples. 


The analysis of the dissolved gases was both tedious and troublesome in many of 
the experiments, owing partly to the complexity of the gas mixtures to be examined 
and partly to the small quantities available for analysis. Moreover, in the earlier 
experiments certain difficulties were encountered which rendered the complete analysis 
of the dissolved gases very uncertain, and as a consequence there is some doubt as to 
the extent of the evolution of nitrogen in the earlier experiments of the nitrated series. 


Table 1 contains the chief results obtained, while on Table 2 some of them are 
presented in a different form, together with certain other data. 


TABLE 1. 


DISSOLVED GASES FOUND IN SEPTIC TANK EFFLUENTS (A) WITH ADDED POTASSIUM 
NITRATE AND (B) ALONE AFTER CERTAIN INTERVALS OF TIME. 


(Results in cubic centimetres per litre at 0° C. and 760 m.m.) 















































1 2 3 4. 5 6 
Non- 
Aérated. | Aérated. 
Nitricnitrogen added in parts per 100,000 2-5 5-0 2°5 2:5 2°5 2°5 
Time interval in hours... 48 24 24 24 24 24 
Carbonic anhydride 169-97 | -155°68-|--153°34.)-158-01 | 165°85.| 149-63. 
So fo 33°12 29°40 34:°21% 32°41 36°16 33°53 
<5 a Nitric oxide ’ ? 6-99 | 631 | 000] 0-00 
4” | Marsh gas Pe : 1 q q 3°37 2°63 0-00 
| Oxygen ... ae a ats 0-00 0-00 0:00 0:00 0:00 0:00 
“oe Carbonic anhydride... A 126°68 | 150-99 | 11810 | 127-31 | 120°44 92°52 
a 8 oat aid icy é 18°84 | 18°86 15°62 16°55 16-48 13°94 
38 . Marsh gas nil os : q 2 Lo 2°92 1-72 0-14 ? 
2) Oxygen... + ais 0:00 0-00 0-00 0-00 0-00 5°33 
a | Carbonic anhydride (excess in nitrated | 43-29 4°69 35°24 30°70 45°40 57-11 
8 sample). 
2 Nitrogen as nitrogen and nitric oxide 19:28 7% 104% 22-08% 19-12 19-68 19°59 
& | (excess in nitrated sample). 
© | Marsh gas (excess in nitrated sample) q a ? 0°45 0-91 -0'14 2 





6225—Ap, VI. 





nO 


* Marsh gas 1°48),, 
Hydrogen 0-43}? — 


2B2 
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TABLE 2. 


EVOLUTION OF NITROGEN EITHER AS SUCH, OR IN THE FORM OF GASEOUS OXIDES, 
FROM SEPTIC TANK EFFLUENTS WITH ADDED POTASSIUM NITRATE. ALSO OTHER 


CHEMICAL CHANGES OCCURRING. 


/Dissolved gases in cubic centimetres per litre at O°C and 760 m.m. Other quantities in parts per 100,000.) 























1 2 3 lege 5 6 
Nitric nitrogen added in parts per 100,000 2°5 5-0 2°5 2°5 2°5 2°5 
Time interval in hours... aN oe 48 24 24 24 24 24 
Carbonic anhydride evolved in nitrate | 43°29 4°69 | 35°24 | 30°70 | 45°40 | 57-11 
ge sample. 
= & } Carbonic anhydride theoretical evolution*® | 49°80 | 99°60 | 49°80 | 49:80 49°80 | 55:13 
Z Bo ie evolved in nitrated sample ... | 19°28 4%] 10°54 2] 22-08 19-12 19°68 19°59 
Theoretical evolution ... set to LOHOO 39°80 19°90 19-90 19°90 19°90 
Nitrogen as free ammonia in septic tank 2°14 3°43 1-98 2°06 184 | — 
effluent alone. 
ra Nitrogen as albuminoid ammonia in septic 0°58 0°58 0°49 0°66 0°50 a 
5) tank effluent alone. 
= Nitrogen as free ammonia in septic tank | 1:48 3°30 1°89 1°81 1:58 — 
5 of effluent plus nitrate. 
3 & ) Nitrogen as albuminoid ammonia in septic | 0°66 0-74 0°57 0°66 0°66 — 
te tank effluent plus nitrate. 
=e 
Sq 
o 
E Excess of nitrogen as free ammonia in 0°66 0°13 0:09 0:25 0°26 — 
septic tank effluent alone. 
Excess of nitrogen as albuminoid ammonia 0:08 016 0-08 0:00 0°16 — 
in nitrated sample. 





[ Nitrogen as nitrite in nitrated sample ... _ 0-11 0°05 0-00 0-00 0-00 
| 3 3 . non-nitrated sample = 0-00 0:00 | 0-00 0-00 0:00 


Nitrites. 


The chief general conclusions arrived at may be summed up as follows :— 


(1) Potassium nitrate (and no doubt any other nitrate likely to be produced in a 
sewage effluent) is decomposed by the septic tank effluent, and the nitric nitrogen is 
evolved, sometimes entirely as free nitrogen, sometimes partly as nitric oxide. Nitrous 
oxide may also be formed, but the evidence on that point is not as yet conclusive.f 
The action seems to vary with different samples of septic tank effluent, but in four of 
the eight experiments the theoretical quantity of nitrogen (corresponding with the 
added nitrate) was found either as free nitrogen alone or along with nitric oxide. 


There is no evidence from our experiments to show that any considerable quantity 
of these gases is produced from either the free ammonia or the organic nitrogen present 
in the septic tank effluent, 


_ (2) The general character of the change is that of a combustion, the oxygen of the 
nitrate eventually appearing either partly or entirely in the form of carbonic anhydride. 


(3) In some of the experiments a little nitrite was produced, but in the majority 
none was found at their conclusion. 


(4) The destruction of the nitrate occurs with remarkable rapidity, and in most of 
the experiments the whole of the added nitrate—equivalent to 2°5 parts of nitric 
nitrogen per 100,000 of mixture—was decomposed in 24 hours. 
aS ee eee 

* i.e. the carbonic anhydride equivalent to the oxygen of the added nitrate. 
} Gayon and Dupetit found all three gases, 
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A remarkable exception to this rule is, however, noticed in the case of Experiment 2, 
in which the quantity of nitrate added was twice as great as in the other experiments. 
Here the evolution of carbonic anhydride is trifling, and that of the nitrogen very con- 
siderably less than in the other experiments. 


_ It is, perhaps, not safe to arrive at general conclusions from a single experiment, 
but it would at least seem probable that, while a certain quantity of nitrate is readily 
decomposed and acts as an ozidising agent, burning up the carbon of the sewage to 
carbonic anhydride, there is a limit to the quantity which ‘can thus be decomposed, 
beyond which excess of nitrate retards or possibly prevents the action. 


(5) In addition to the decomposition of the nitrate and evolution of carbonic anhy- 
dride the fermenting liquid experiences other changes. 


There is always a Joss of free ammonia, and as a rule a ga? in albuminoid ammonia, 
but the former generally exceeds the latter. Thus in six experiments the average loss 
of free ammonia amounted to 0°266 part per 100,000, while the corresponding gain in 
albuminoid ammonia was only 0°166, or rather less than half the preceding figure. 


It may also be mentioned that in two of the experiments marsh gas was found, not 
only in the septic tank effluent, but also in the nitrated fluid, and it is somewhat remark- 
able that more of the gas was found in the latter than in the former. 


Towards the end of the investigation the effects of aération were studied. Parallel 
experiments were made, in one of which the septic-tank effluent was thoroughly aérated 
before mixing it with the nitrate, while in the other the same quantity of nitrate was 
added to the non-aérated effluent. In both experiments the whole of the nitrate was 
decomposed in twenty-four hours with evolution of the equivalent quantity of nitrogen 
gas. In the aérated sample no marsh gas was formed, but a considerable excess of car- 
bonic anhydride was produced, the total volume per litre of fluid being 57°1 c.c., whereas 
the amount corresponding with the added nitrate plus the oxygen dissolved from the air 
was 49°8 + 5°53 = 55°33. In the non-aérated sample some marsh gas was formed, but 
considerably less carbonic anhydride. 


Cause of the Decomposition of Nitrates when in contact with a Putrefying Liquid. 


In order to ascertain whether the action was brought about entirely by the vital 
processes of micro-organisms, and was not due to enzymes excreted by them or to purely 
chemical changes, an apparatus was devised in which the septic-tank effluent was passed 
through a Chamberland filter and thence into a sterilised flask from which it was drawn 
by a vacuum pump into two sterilised tubes of sufficient capacity, one of which contained 
a measured volume of the nitrate solution, and these tubes when filled were closed by 
pinch-cocks applied to indiarubber junctions. At the end of sixty-six hours analyses 
were made of the dissolved gases contained in the liquids of both tubes, when the 
‘following results were obtained (in cubic centimetres per litre at N.T.P.) :— 








G t In Nitrated In Non-nitrated 
ee PE ae Sample. Sample. 
Carbonic Anhydride ... a 92°12 94°45 
Oxygen... ee bas a 0:00 0-00 
Nitrogen He is +e 1°62 2°00 





The figures are not absolutely identical, but are nearly so. 

The reason for the excess of dissolved gases in the non-nitrated sample is easily 
explained, as the liquid yielding these gases was drawn from the lower layers in the 
flask, which had not been exposed to the vacuum so long as the upper layers, from which 
the liquid for the nitrated sample was drawn. 


The somewhat large quantity of carbonic anhydride found in the analysis is no 
doubt due to the presence of carbonates or bicarbonates in the fluid, and not to free 
carbonic anhydride.* 


* For it should be recollected that before extracting the dissolved gases, acid was added to the liquids to 
decompose carbonates. 
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It is, however, quite obvious that no nitrate was decomposed, and the results of 
this experiment appear to be decisive. 


The septic tank effluent deprived of the micro-organisms which it contains has no 
action upon a nitrate, and the decomposition of the latter must be caused entirely by 
the vital processes of certain micro-organisms and not by enzymic or chemical action. 


The experiments just described indicated that it is quite possible to destroy the 
nitrates in a sewage effluent with considerable rapidity im such a way as to prevent 
them from serving as a food or manure for vegetation, as it need scarcely be mentioned 
that free nitrogen is not assimilated by plants except in one or two exceptional cases. 
They also point to a method of sewage purification suitable for a locality like Belfast, 
where the main object is the prevention of excessive vegetable growth—the broad 
features of such a method being :— | 


(1) Purification of part of the sewage by septic tank and contact beds, 
whereby most of the ammonia is got rid of, while a certain amount of nitrate 
is produced ; and 


(2) Treatment of this effluent with a certain proportion either of the 
original sewage or of the septic tank effluent, by which means the nitrate 
would be got rid of. 


As a preliminary step towards the working out of a practical method for most 
advantageously combining the two processes, the following experiments were tried :— 


Nitrates and nitrites having been determined in the contact bed effluent, a certain 
volume of the latter was placed in a bottle, and to it a definite proportion of the septic 
tank effluent was added. The bottle was about half filled with the mixture, and no 
precautions were adopted to exclude air. r abe 


After an interval of twenty-four hours, during which the bottle and its contents 
remained at the temperature of the laboratory, determinations of nitrate and. nitrite 
were again made, and the results then obtained, so calculated as to give the quantities of 
these: present—not in parts per. 100,000 of the mixture, but in parts per 100,000 of the 


nitrated effluent contained in the mixture. The following table contains the results of 
these experiments :— 


LOSS OF NITROGEN AS NITROGEN GAS OR GASEOUS OXIDES OF NITROGEN OCCURRING 
IN A MIXTURE OF THE SEPTIC TANK EFFLUENT WITH THE SAME AFTER 
TREATMENT ON CONTACT BEDS. 








Nitrogen present as Nitrite and Nitrate (parts per 100,000). rears 











































en 3 
In the Nitrated Effluent. peppers 38 & 
24 hours after mixing 32 & 
ot iy Composition of the} it with the Septic | 3— - 
: : On Mixing. After 24 hours. Meats Tank Effluent. 3 S oy 
. & Nitrite|Nitrate] Total. | Nitrite|Nitrate] Total. Nitrite Nitrate] Total. 
1 = ot Ox ~ —- | 0°82 | 4 volumes ni- ~ — | 055 | 027) 33 
trated effluent 
and 1 volume 
septic tank 
effluent 
2 0 0-66 | 0°66 0 0°66 | 0°66 ae a 6-291 "003" (0-25 Fear 62 
3 One es | 058')> 0 41 0-58 | 0-58 go. A 0-0 | 0-09] 009 | 0-49] 85 
¢ 34555 93 0:0 | 0:0 | 0:0 | 0-82 | 100 
j Be tpeOi8 2.411088 = 2 > { nearly | nearly 
tee ; 0-0 | Trace |Traces| 0°82 | 100° 
nearly 4 : : : : 
oe 3 0-84 | 0:93 | 1°77 | 039} 18 
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It will be seen that in every case nitrates were reduced, and partly at least con- 
verted into gaseous nitrogen, while in some of the experiments all the nitrates were thus 
disposed of. Some other features in the results may be drawn attention to. Thus, the 
greatest loss of nitrogen occurred when no nitrites were produced, and conversely the 
least loss of nitrogen took place when nitrites were formed in considerable quantities. 
Also it will be seen that no reduction of the nitrates occurred in the nitrated effluent 
alone when kept for 24 hours, showing probably that the organic matters originally 
present had been oxydized, for the time being at all events, as far as possible. 


A second series of experiments was made in a similar way to those just described, 
with the difference, however, that the effluent from a “sprinkler” was substituted for 
that from the contact beds previously employed. The subjoined table contains the 
results of this series :— 

LOSS OF NITROGEN AS NITROGEN GAS OR GASEOUS OXIDES OF NITROGEN OCCURRING 


IN A MIXTURE OF THE SEPTIC TANK EFFLUENT WITH THE SAME AFTER TREATMENT 
BY A SPRINKLER. : ; 























Nitrogen present as Nitrites and Nitrates (parts per 100,000). Loss.of Nitrogen. 
Se Calculated as present in 
. a In the Nitrated Effluent the same Effluent 24 hours | Actual 
2'o as— Composition of the after mixing it with the (parts | Per- 
ea. Mixture, Septic Tank Effluent. per |centage. 
Airs 100,000).) 
Nitrite. | Nitrate. | Total. Nitrite. | Nitrate. | Total. 
1 — + 1318 | 4 vols. Nitrated Efflu- — _ 1132 0°186 14:1 
ent and 1 vol. Sep- 
tic Tank Effluent 
9 Nona 1318 isis | 4 ,, 4 b 0:25 0-987 1-237 0-083 6-1 
3 i attare a sg iB? Mato? b A 0:50 0-837 1:337 0178 11:9 
: ; : fis, cs Es 0°53 0-678 1-208 07192 13-7 
IN GS CES SE UR Was apa Je 0-80 | 0-102 | 0-902 | 0-498 | 35-6 
Traces — PO80s 4. 5g % ig Traces. 1°850 1°850 0°130 6°6 
6 | 0100 2°370 2470 4" ,, rf, a 0:125 | 2:035 2:160 0-310 12°5 
































The results of this series are on the whole very different from those of the first, the 
reduction of nitrates to nitrogen being so much less. The explanation of this difference 
very possibly lies in the fact that whereas in the first series the nitrated efiluent was 
known by experience to contain only small quantities of dissolved oxygen (1°5 c.c. per 
litre, as a mean of three determinations), that used in the second was mucli more highly 
aerated (6°53 c.c. per litre, as a mean of three determinations). But at the same time 
it should be remarked that the proportion of nitrates present in the two nitrated 
effluents was very much higher in the second series (sprinkler) than in the first (contact 
bed), with the exception of No. 5 of the first series, where the smallest loss of nitrogen 
of that series occurred. 


It is somewhat difficult to find a completely satisfactory explanation of the incomplete 
reduction of nitrates in all the experiments of the second and in some of the experiments 
of the first. series, compared with the complete reduction which occurred in- the 
experiments described above, in which potassium nitrate was added (in concentrated 
solution) to the septic tank effluent. 


The conditions, however, in the last-named experiments were by no means the same 
as those under which the others were conducted. In the first place, in all the 
experiments with potassium nitrate the bottles were filled to the brim and then 
stoppered; while in the second place, as the nitrate was added to a concentrated 
solution, the ratio of oxydizable matter to nitrate was obviously much higher in these 
experiments than in those in which a relatively large volume of nitrated effluent 
(presumably fairly free from readily oxydizable matters) was mixed with a small volume 
of the septic tank effluent. . 


* 


_ From the results of the experiments just described, it is evident that given sufficient 
tume and sufficiently large storage tanks, the effluents obtained during the treatment of 
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sewage by the septic tank and contact beds or sprinklers can be made to re-act upon 
each other in such a way that the nitrates in the latter are partially resolved into 


nitrogen gas, and therefore destroyed. 


But it is scarcely necessary to say that one of the chief objects to be kept in view in 
the treatment of sewage is to “hurry up” the purifying processes as rapidly as possible, 
while another is to reduce the volume of the sewage under treatment to the smallest 
practicable limit. The next experiments were therefore made with the view of ascer- 
taining to what extent economy in both time and storage capacity was possible in 
relation to the destruction of nitrates. They were suggested by the view already given 
regarding the function of contact beds in relation to the formation and destruction of 
nitrates. The idea presented itself that by submitting a mixture of a highly nitrated 
effluent with either untreated sewage or the effluent from a septic tank to treatment on 
a contact bed, a double effect might be induced, namely, the destruction of nitrates in 
the first and purification in the second. 


To test this point, an experimental plant of the following description was installed 
at the sewage works: immediately below the sprinkler and the open septic tank 
already referred to, a “ mixing tank” was constructed with an arrangement for filling 
it with definite proportions of the septic tank and sprinkler effluents. Below this 
mixing tank a small contact bed was constructed.* 


This arrangement was designed in order to permit of the following course of treat- 
ment :—A certain volume of the septic tank effluent passed through the sprinkler and 
its bed, and thence made its way into the mixing tank, where it became mingled with a 
definite proportion of untreated septic tank effluent. Thence the mixture of the two 
flowed into the upper contact bed, or “ denitrefying bed” as it came to be called, where 
it remained for three hours, after which it was drawn off, the bed allowed to remain 
empty for three hours, and the same cycle of operations again repeated. 


As the same liquid—namely, the septic tank effluent—was the starting point from 
which both the effluent from the sprinkler and the denitrefying bed was obtained, the 
chemical condition of these latter could be referred directly to that of the former. 


In all, six series of experiments were made with this installation, the results of 
which are given in the following table :— . 


FIRST EXPERIMENTS. 


EFFECTS PRODUCED (A) WHEN ASEPTIC. TANK EFFLUENT IS TREATED BY A 
SPRINKLER AND (B) WHEN A MIXTURE OF THE SEPTIC TANK AND SPRINKLER 
EFFLUENTS IS TREATED ON A “DENITREFYING BED.” 


Parts per 100,000. 















































Time Naan Fa Nitrogen as :— 
Sories.| Date of iVigee o 5 
Series. (1905). | Collee- Sample Analysed. of we cs Es 
Sal es Mixture.| <3 8 ee 3 8 
tion. oan ° epee 2 g 
re) ‘a o S| Sau g Fa nes 
m2 E) 8 # S38) 2 s 
Oontt| & <a a A 
Jan. 25th\ 4 a.m. | Septic Tank Effluent .../1 volume | 7°98 3°46 0-70 o — 
1 | Jan. 25th) 4 a.m.| Sprinkler Effluent Saal Pees 2°68 1:48 0°39 1:32 a 
Jan. 25th) 7 a.m.| Denitrefying Bed Effuent|... a ees! 5) 1:48 0°37 0°82 0°0 
Feb. Ist | 4 a.m.| Septic Tank Effluent ...|/1 volume| 6°24 3°30 074 mr 7 
2 Feb. 1st | 4 a.m. | Sprinkler Effluent ea 93 2°59 1:07 0°33 1:32 | traces. 
Feb. 1st | 7 a.m.| Denitrefying Bed Effluent... Seal, VO 1:40 0°37 0:00 0:0 
3 Feb. 8th | 4 a.m.| Septic Tank Effluent .../1 volume| 6°88 2°96 0:74 —_ —_ 
3 | Feb. 8th | 4 a.m.| Sprinkler Effluent Pablo yy 2°56 0:74 0°37 1°51 traces. 
Feb. 8th |7 a.m. | Denitrefying Bed Effluent)... .oo| 3°04) |e ye) *B2 0°37 0:00 0:0 
Feb. 15th) 4 a.m.) Septic ‘Tank Effluent .../I volume| 7-28 3°62 0°82 — = 
4 Feb, 15th 4 a.m. | Sprinkler Effluent HOM 3°05 1-43 0-41 1:40 0-12 
Feb. 15th|7 am. Denitrefying Bed Effluent)... ~oeliceeOl 1:48 0:45 0:00 0:0 
‘Feb. 21st/L0 p.m. Septic Tank Effluent .../1 volume! 5°95 2-58 0°62 — —_ 
5 Feb. 21st/10 p.m.| Sprinkler Effluent l = 227 0°49 0:29 1:98 traces. 





__\|Feb. 22nd) 1 a.m. Denitrefying Bed Effluent)... ...| 2°49 0:95 0°37 0:00 0:0 
f Feb, 28th|10 p.m.| Septic Tank Kffluent .../4volumes| 5-33 oe a ies 2 Yee | (ee 








Feb. 28th|10 p.m.) Sprinkler Effluent APN be etret 2°07 0°56 0:27 2-46 0-01 
Mar. lst | 1a.m.| Denitrefying Bed Effluent).. 

















: vest cera’, 0:93 0:27 0:25 0-0 
* This bed was filled with fragments of broken brick fragments to a depth“of 14 feet, and the latter 
were { inch in diameter. For the sake of convenience this bed has been called “ Denitrefying Bed No. 1.” 
In certain other experiments, to be described presently, a second bed was employed—similar to the 


above in all respects, except that the broken brick fragments were coarser, viz., from 1} to} inch diameter 
This has been called “ Denitrefying Bed No. 2. 
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From this table it is evident that the effects anticipated on theoretical grounds 
did, in point of fact, occur, and, as regards the destruction of nitrates, to an extent 
which we had scarcely ventured to anticipate. 


Thus, excluding the results of the first experiment (which experiment was made 
only a few days after starting the denitrefying bed, and evidently before it had got 
into working order), complete disappearance of nitrates occurred in four of the 
remaining experiments, and a loss of nearly 90 per cent. in the last. But it should 
be noted that in this last experiment the rate of flow to the sprinkler had been 
altered from 260 gallons per 24 hours per square yard of filtering medium to 195, 
evidently causing (as the table shows) a considerable increase in nitrate production, 
and it should also be remarked that an unusually small proportion of organic 
matter (as indicated by the albuminoid ammonia) was present in the septic tank 
effluent on that occasion. 


It will be seen that the purification effected in the denitrefying bed does not 
fall far short of the purification effected in the same effluent by the sprinkling 
treatment. The reduction in the amount of free ammonia is, it is true, somewhat 
less, but that of the albuminoid ammonia is almost identical in the two. 


__ But the most interesting result of these experiments is the remarkable rapidity 
with which nitrates disappeared in the denitrefying bed, which for that reason was 
called by the name. 


It may be objected that this term implies a difference between an ordinary 
contact bed and the bed in question. The difference, however, does not lie in the 
bed itself, but in the method of working it. It is clear from the experiments just 
described that when this bed is charged with a liquid containing nitrates plus 
easily oxidizable organic matter rapid reduction of the former occurs, with no doubt 
corresponding oxidation of the latter; while on the other hand, if no nitrates are 
present in the liquid to start with, the bed may assume an entirely opposite function, 
and nitrates be actually formed. 


SECOND EXPERIMENTS. 


_ The main object of these experiments was to ascertain the conditions under 
which the maximum reduction of free ammonia could be effected coupled with the- 
maximum destruction of nitrates. 


For this purpose various mixtures of tank and sprinkler effluents were employed... 
and these were treated on denitrefying beds for different periods; while in some of the 
experiments the sprinkler effluent alone was treated on the denitrefying bed, which 
latter had previously been in contact with tank effluent and afterwards aerated. 


A description of the details of the different experiments made would take up two 
much space, and for the purpose in view it will be sufficient to give a summary of the 
results obtained. 


This is done in the following table for both series of experiments :— 
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The figures given in the column headed “ Percentage reduction in nitrate” have 
been calculated from the amount of nitrate found in the ‘effluent from the denitrefying 
bed compared with that present in the effluent from the sprinkler bed, but it should be 
remarked that the reduction is caused partly by dilution and partly by denitrefication. 
Thus in the experiments with a mixture of equal volumes of the two effluents, 50 per 
cent. of the reduction in the nitrates is obviously caused by SH leas and the excess above 
this figure by denitrefication. 


It is somewhat difficult to account for the differences in the results obtained 
in the two sets of experiments. In the first of these the reduction of nitrates was 
very considerable, while that of the ammonia was relatively small. On the other hand, 
in the second series these effects were reversed. 


The conditions were, however, by no means the same in the two series of 
experiments. Thus the sprinkler bed used in the first was only 4 feet high, and the 
‘sewage treated per cubic yard of material in the bed 195 gallons in 24 hours; while in 
the second the bed was 54 feet high, and the sewage treated at the rate of 164 gallons 
per cubic yard of atts in 24 hours. 


The column headed “ Percentage purification on} nitrate basis” requires a word 
of explanation. 


As elsewhere stated (see p. 159), it would appear that the Ulva lutissima absorbs 
nitrates at a much slower rate than the corresponding quantity of ammonia, and in a 
given time the seaweed absorbs about three times as much nitrogen when presented to 
it in the form of ammonia as it does when the nitrogen is in the form of nitrate. Hence 
it may be argued that the latter has one-third of the potency of the former in 
encouraging the growth of the seaweed. The figures in the column are calculated from 
the amount of nitrogen present in the purified effluent as ammonia, plus one-third of 
that in the form of nitrate, contrasted with the amount of nitrogen as ammonia in the 
original sewage. 

The column headed “ Percentage on $ nitrate basis plus solids” also requires 
explanation. 


The suspended solids present in sewage contain nitrogen, and experiments 
which are described on pages 135-137 of this report show that when these solids are 
submerged a portion of the nitrogen is converted into ammonia, and quite possibly 
after a sufficient length of time the whole of it may be thus evolved. 


By treating the sewage first in a septic or sedimenting tank, then on a sprinkling 
filter, and finally with a denitrefying bed,* the solids are virtually got rid of, and 
therefore this source of ammonia is also removed. 


In the table it is assumed that the original sewage contained 30 parts per 100,000 
of suspended solids, and that the latter contained 3 per cent. of nitrogen, and if that is 
the case the suspended solids in 100,000 parts of the sewage contain 0°9 parts of 
nitrogen. 


The figures in the column in question have been calculated in the same way as 
those in the column headed “ Purification on s nitrate basis,” with the difference that 
O°9 has been added to the nitrogen as ammonia ‘in the sewage. 


General Review of the Different Methods of Sewage Treatment experimented upon. 


In the following table the average results in the several analytical factors are 
collected for each series of experiments, as well as the degree of purification effected. 





* With due periods for sudsidence (see p. 197). 
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These results, in relation to both the extent of the purification effected and the 
character of the resulting effluent in each case, may be summarised as follows :— 


(1) Direct treatment of sewage by Double Contact Beds. 


Purification in free ammonia, not good ; in albuminoid ammonia, fair. Production 
of nitrates, v7/. Aeration of effluent, nz/. 


(2) Treatment of sewage by Septic Tank and Double Contact Beds. 


Purification in free ammonia, good; in albuminoid ammonia, good. Production of 
nitrates, moderate. Aeration of effluent, shght. 


(3) Treatment of sewage by Septic or Sedimenting Tank and Sprinkling or Continuous Filters. 


Purification in free ammonia, best; in albuminoid ammonia, fair to good. Produc- 
tion of nitrates, large. Aeration, large. 


(4) Treatment of sewage by Septic or Sedimenting Tank, Sprinkling or Continuous Filters, 
and finally in a Denitrefying Bed. 


Purification in free ammonia, fair to very good; in albuminoid ammonia, probably 
only moderate, Production of nitrates, slight to moderate. Aeration, probably nal, 


From the above summary we are of the opinion that when a sewage effluent has to 
be discharged into a fishery stream, and when as a consequence aeration is a factor of 
prime importance, the best and most rational method of treating the sewage is by septic 
or sedimenting tank and sprinkler. 


But when the effiuent is to be discharged into a non-fishery stream, and aeration as a 
consequence is not of prime importance, the sewage may be treated by septic tank and 
contact beds, but even in such cases sprinkling treatment may be more advantageous if 
the watercourse is small, as the nitrate in the effluent is a guard against a possible 
nuisance, in addition to the dissolved oxygen which it also contains in fair quantity.” 


This opportunity may be taken to briefly discuss the merits of the two systems of 
sewage purification just spoken of, or rather the superiority of the sprinkling filters. 


The following appear to be the chief advantages of continuous or sprinkling filters 
over contact beds :— 


(1) Economy in space. : 
(2) Greater efficiency per unit of area. 
(3) Use of a coarser solid or “ filling” material than that most advan- 
tageously employed in contact beds. 
(4) Improbability, if not impossibility, of the fillmg material becoming 
clogged or silted up by solids separating from the sewage—if coarse. 
(5) Relative cheapness, mainly in consequence of 1, 2 and 3. 
_ Regarding the questions of economy of space and greater efficiency per unit of 
area when treatment of sewage by a sprinkling filter is contrasted with double contact 
bed treatment, the following particulars may be given in relation to the experiments 


described above on these two methods of purification, the sewage being first treated by 
the septic tank in both cases :— 


1. Contact Bed Treatment. 
_ Depth of upper bed, 2ft. 6in. 


5 lower ,, pee 
Number of fillings per 24 hours, 4. 


Rate of working, 187 gallons per square yard per 24 hours for each contact, or 935 
gallons per square yard of-surface for complete treatment, or 112 gallons per cubic yard 
of medium. | 
ce ee ee 

* See pp. 195-197. 
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2. Sprinkler Treatment. 


Tn the first series of experiments :— 
- Depth of Bed, 4 feet. 


Rate of working (No. 1, Series 7-14) 150 gallons per cubic yard of medium, or as 
this bed was 4 feet deep 200 gallons per square yard. 


The results of this comparison may also be stated as follows :— 


(1) Space required for treating 100 gallons of sewage by double contact 
on beds 24 feet deep—1'07 sq. yards. 


(2) Space required for treating 100 gallons of sewage by a sprinkler bed 
4 feet: deep—0’5 sq. yards. 


But further than this, suppose the total available fall to be 6 feet, and the contact 
beds are 3 feet deep, while the sprinkler bed is 6 feet deep, the space required to treat 
100 gallons of sewage works out in round numbers to 0°9 square yards for the former, 
and 0°3 for the latter, or in other words the sprinkler plant would only. require one- 
third as much area as the contact beds, and but little more than one-third of the filling 
medium, 


When the object of the sewage purification scheme is the avoidance of an wlva 
nuisance, the most suitable method would appear to be either treatment by septic (or 
sedimenting) tank, and double contact beds, or the method of denitrefying the sprinkler 
effluent just described. 

For it will be found that the maximum purification on the “4 nitrate basis plus 
solids ” was effected by the first of these in which the degree of purification is referred 
to screened and settled sewage, and amounted to a total of 84 per cent., but in the other 
similar conducted series where the results are referred to crude sewage, the purification 
is much the same as that obtained by septic tanks, sprinkler and denitrefying bed, namely 
about 82 per cent. with the first of these and from 80-82 per cent. in the second. 


On first thoughts it might appear that the denitrefying beds would add materially 
to the cost of the-purifying plant, but in point of fact such will not be the case, as the 
storm beds, which must in any case be installed, can under ordinary weather conditions 
be used for denitrefying purposes, and if this is done the beds will be kept in an efficient 
condition for the purification of the dilute sewage passing through them during periods 
of storm. 


Moreover, if this method of treatment is adopted, only part of the sewage will be 
submitted to the action of sprinkling filters, and therefore the number of the latter 
required will be much less than if the whole of the sewage were treated by these filters, 
and in this way an important economy will be effected in the cost of the purifying plant, 


Bearing in mind all the circumstances of the case, one of us has recommended this 
method of treatment as the most suitable and economical for Belfast, where the main 
object of sewage purification is the prevention of an wea nuisance. 


he aoe 
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APPENDIX I. 


CHANGES OCCURRING IN THE EFFLUENT FROM A SPRINKLING FILTER WHEN KEPT. 


The nature of the changes which occur spontaneously in a nitrated effluent when. kept, and more 
particularly the rate at which such changes occur are important from a practical point of view, and more 
especially in relation to some of the large manufacturing districts where such effluents are discharged into 
sluggish streams, the waters of which may not reach the sea for some days. 


Have these effluents the power of remaining free from a nuisance, even if undiluted, during the whole of 
their journey seaward ? 


Any laboratory experiments on a question of this kind as a rule only partially reproduce the actual state 
of affairs, for they are conducted under static conditions, and of necessity ignore the effects of flow and the 
consequent gaseous interchanges and reactions occurring between the liquid and the bed of the stream on the 
one hand, and the liquid and the air on the other. However, it seemed worth while to make some laboratory 
experiments, as they would probably give at least a general indication of the changes likely to occur under 
actual conditions, as well as an idea of the rate at which tho e changes would take place, and accordingly the 
following experiments were performed in collaboration with Mr. R. F. Blake, F.C.S., F.LC. . 


In deciding as to the conditions under which they should be made we were guided by the consideration 
that in all probability the changes at the surface of a body of a nitrated effluent would be different from those 
occurring in the lower layers, and we therefore decided to perform two sets of experiments, the first under 
partially anaerobic conditions and the second under complete aerobic conditions. For the first of these a 
number of Winchester quart bottles were filled to the brim with the effluent, placed in an incubator at 
15 deg. C., and after a few hours were then stoppered. For the second the effluent was also placed in 
Winchester quart bottles, but these were only partly filled, and were shaken with air from time to time. 
Three series of experiments with different samples of the nitrated effluent were made under partially anaerobic 
conditions, but the time at our disposal only enabled us to perform one series under aerobic conditions. The 
results of the different determinations made in all four series are collected in the following table :— 


EFFECTS OF KEEPING THE EFFLUENT FROM A _ SPRINKLING 
FILTER AT. 15°C. 





Dissolved Gases in c.c. _ Parts per 100,000. 
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These determinations show :— 


(1) That the effluent when collected contained an amount of dissolved oxygen approaching the 
air saturation value. 


(2) That on keeping the effluent in a closed vessel this dissolved oxygen gradually disappeared 
the disappearance being complete in 4 or 5 days. 


(3) Most of this oxygen was converted into carbonic anhydride, but a portion also appeared as 
nitrate. ; 


(4) Later, denitrefication commenced, with the result that more carbon was oxidized to carbonic 
anhydride, while nitrogen was liberated in the gaseous state. 


(5) In addition to these changes, there was a slight but definite increase in free ammonia and 
a slight decrease in albuminoid ammonia. The two, however, do not completely balance each other, 
and probably a little nitrogen was lost in the free state. 


The following “balance sheet” may be written regarding the first series :— 


OUT OF CONTACT WITH AIR—SERIES A. 











Per litre. Per litre. 
Carbonic Anhydride at finish ... POA IB le Carbonic Anhydride equivalent to free 
| oxygen disappearing... 7 SOO 
49 4 jatar tS we) 50044, 
ne Carbonic Anhydride equivalent to the 
Gain in Carbonic Anhydride 14°74 c.c. loss of nitrate (0°45 per 100,000) 9-00 ,, 
15°55 c.¢. 
Free Nitrogen at finish... ae eee ES Free Nitrogen corresponding with the 
nitrate disappearing... oo0 OS OOLGG, 
3) BUALU Cte AaA wae eld Olean 
Free Nitrogen corresponding with the 
difference between the nitrogen as 
free and albuminoid ammonia 
at start and finish <a ie \O Sane. 
4°04 ce. 3°92 c.c, 





SO ; = 


In the aerobic series (i.e., when the effluent was freely exposed to the air) the changes, so far as they can 


be followed, are different, but here gasometric analysis is no longer of service, and the usual but coarser 
methods of analysis can alone be employed. | 


It will be seen that the nitrates increased in amount, while the free ammonia decreased, and there was 


also a decrease in the albuminoid ammonia. The gain in nitric nitrogen very nearly corresponds with the loss 
of ammoniacal nitrogen. The balances stand thus :-— i 


IN CONTACT WITH AIR—SERIES A. 


(Parts per 100,000.) 


; 


meee eee 


Nitrogen as free ammonia at start 


i - + 0-49 | Nitrogen as Nitrate at finish - - - 2:50 
Nitrogen as free ammonia at finish - - 0:00 Nitrogen as Nitrate at start - - - - 1:98 
Loss of Ammoniacal Nitrogen - - - 0-49 | Gainin Nitric Nitrogn - - -. - 052 
Nitrogen as Albuminoid Ammonia at start - 0:29 
Nitrogen as Albuminoid Ammonia at finish - 0-16 
Loss of Albuminoid Nitrogen 4 ? - 013 


ee ee Se 


The results of these experiments indicate that no nuisance can 


mntpasts ericlarot he eo arise from a highly-nitrated sewage effluent, 


rinkling filter, even under the most unfavourable conditions (absence of air). 
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APPENDIX II. 


THE AMOUNT OF SOLIDS PASSING OUT OF THE BED OF A SPRINKLING FILTER AND 
THEIR COMPOSITION. 


It is well known that solids break away continuously from the bed of a sprinkling filter and pass out 
with the effluent. There is, however, no difficulty in dealing with them, as, owing to their compactness and 
density, a short period of subsidence suffices for their complete separation from the clear effluent which 
accompanies them. Still they have to be reckoned with, and the question of their amount is an important 
one, while that of their composition is also of interest. It was decided to investigate both of these points, 
and for that purpose the tank into which the effluent passed from one of the experimental sprinklers was 
carefully cleaned out, and then after a certain working period the deposited sludge was gauged and further 
examined. The results were as follow :— 


Period—October 19th, 1906, to May 13th, 1907. 


Total volume of sludge collected - - - 168% cubic feet. 
Weight of one cubic foot - - - - - - 59 lbs. 
Therefore total weight of wet sludge - - - : 9,956°25 Ibs. 


The sludge was black and somewhat offensive. 


On analysis it was found to contain— 


Water - - - - - ea - 95:2 per cent. 

Dry Solids : : : - - : - . 4:8 35 
and the dry solids contained— 

Nitrogen - - - - - - - - 3°6 per cent. 

Volatile matters - - : . - - - a -O45\ 

Fixed matters - : 4 - E : - 48°96 __,, 


The total weight of dry sludge amounted from the above figures to 477°9 Ibs, or 3,345,300 grains. 
And the total volume of effluent passing through the tank in the given period was 772,500 gallons. 


Therefore each gallon of tank effluent yielded 4°33 grains of dry sludge, equivalent to 6°24 parts of the 
datter per 100,000 of the former, this 6:24 part containing 0:109 of nitrogen. 
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SECTION | 5. 


POLLUTION OF WATER IN RELATION TO ITS EFFECTS ON 
FISH (Pisces). 
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POLLUTION OF WATER IN RELATION TO ITS EFFECTS ON FISH (Pisces). 


INTRODUCTORY. 


It 1s beyond question that serious damage has been done to fish by the fouling of the 
waters which they inhabit by pollution of various kinds, and as might be expected, such 
damage has been chiefly observed in the streams and rivers of thickly populated districts, 
where the volume of water is relatively small and the quantity of polluting matters relatively 
large. 


Sewage alone would appear in many cases to be solely responsible for the evil, while 
in others the waste products from various manufacturing processes are alone concerned. 
Frequently, however, the damage is apparently done by both kinds of pollution acting 
together—the stream, river, or estuary of a given district serving unfortunately in too 
many cases as a “dumping ground”? for filth of every description, with fatal effects to its 
_ natural denizens. The evil appears to be general and to affect all civilized countries. 


In England the condition of the rivers in the manufacturing districts of Yorkshire. 
and Lancashire is too well known to need description, and so also is that of the Thames. 
below London, while in Scotland the Clyde at Glasgow, and in Ireland the Liffey at Dublin 
have both become proverbial for filthiness. In Germany “ The water of most of our 
mountain streams in these days serves as the motive power of turbines : as the means for 
washing cotton goods, bleached with chlorine : as the purifier of printed cotton goods after 
having been treated with phosphoric or hydrochloric acids, as the receptacle for all sorts 
of chemicals from dye works and chemical establishments. In fact it serves for everything 
imaginable with the exception of its original purpose, viz., the habitation of fish.” * 


In Belgium “Our river fisheries, formerly so rich, especially in salmonoids and cray- 
fish, are in greater danger than those of almost any other country ... This paradise 
of fishermen has been well nigh destroyed ». . We may not indulge in the flattering 
hope of seeing the waters of the Vesdre again rendered sufficiently pure to support fish. 
They have been too strongly poisoned by the washing of wool and the dyeing establish- 
ments and cloth manufactories of Verviers . . . As regards the tributaries of theright 
bank of the Meuse, the industries which there kill the fish are manufactories of chemicals, 
sugar refineries and to a less extent distilleries.”’ + 


In America in addition to the damage done to fish by pollutions of the ordinary kind, 
immense destruction appears to have been caused to fish and the fisheries by sawdust. 


‘ The first impression one receives from a hurried survey of the subject of the pollution 
of the waters from the angler’s standpoint is that it begins and ends with sawdust. The 
reports, the laws, the authorities quoted, the complaints, the litigation, all seem at first 
to centre in sawdust .. . The net fishermen find their haul nets entangled with sawdust 
at the bottom. And their nets, too, become clogged with the foul refuse which rot the 
nets, impedes the handling of the nets and renders more difficult the handling and the 
saving of the fish, and is at once offensive, unhealthy and expensive. Channels become 
filled with the accumulating dust, and anchorage grounds broken up. It is on record where 
twelve feet of water was filled within a few inches of the surface with successive deposits 
from saw mills. It covers the spawning beds of the fish where it comes down in quantities. 
The deep holes of the stream become beds of putrid decomposing masses . . . The layers 
of dust destroy the vegetation in the streams and this destruction of the habitat 
and food supply of many of the miscroscopic forms which support the young fish, to say 
nothing of its destructive action on both that food supply and the fish fry directly, is yet 
unmeasured.” 


* Director Haak, Berlin. Monograph U.S. Fish Com. Rep. 1879, p. 675. 

t+ Baron de Selys’ Longchamps. U.S. Fish Com, Rep. 1881, p. 815. 

{ Talbott—Report on the Pollution of Rivers to the Game and Fish Protection Association of the district 
of Columbia, p. 3. 
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In Sweden considerable injury appears to have been done to fish by “ Rafting.” “In 
those parts of Sweden where the fresh water fisheries have been carried on with proper 
care, they have undergone no important change : have even become more productive 
in some places. But in most localities, fisheries that were formerly very productive have 
become unprofitable and have been abandoned in some places. The causes are various. 
The decrease of fishing areas by sinking and draining of lakes: constantly increasing 
rafting: saw mills and other mills on account of their dikes refuse, etc. There is no 
doubt as to the injurious effects of rafting, and it can be made less injurious by removing 
all the bark from the lumber . . . Rafting injurious in several ways. The refuse gathers 
on the lake shores, polluting the water to such a degree as to kill the young fish. Schools 
of fish congregate under large rafts and are killed by turpentine exuding from the lumber. 
During spawning season, rafting injures fisheries by large masses of lumber driving water 
high up on shore.. The fish deposit their spawn in this water, and when the water recedes, 
the eggs and sometimes the fry are left high and dry, and perish.” *. _. . Dee 


But as this Report is concerned with the pollution of estuaries and tidal waters only, 
it is not necessary to discuss the subject of river pollution in detail, and it will be sufficient 
to indicate a few estuaries in the United Kingdom where it has been proved that 
pollution has acted injuriously on fish life. 


The effects of such pollution have been observed almost entirely in relation to the migra- 
tory salmonide, and more particularly either in interfering with their descent to thesea 
as smolts or in hindering or actually preventing their ascent to the spawning grounds when 
they are in the condition of adult fish. ! ik t 


The effects on such fish as inhabit the sea only are more difficult to observe, and as a 
consequence very little attention has apparently been devoted to the matter. 


“The pollution of the Eden has been for some time very bad, and is now worse than 
ever, owing to the general adoption of the water-closet system in Carlisle, a city of 40,000 
inhabitants. The whole of the sewage goes into the river in a crude state, and the river 
in the summer, when the water is low, is in a most filthy condition. . ... The outfall of the 
sewer is about half-a-mile, as the crow flies, below the city, and the tide flows up within 
a mile of that.. The whole. of the way down to the outlet of the Eden is, in the summer, 
a mass of about twelve to eighteen inches thick of filthy sludge at the bottom, with gas 
rising fromitf .... The fishermen fish a long way below the top flow of the tide, and many 
a time they have to stop fishing in the summer, for in drawing their nets they get a mass 
of human excreta and all sorts of filth, and the men can hardly be got to work, so bad is it.” 
The evidence went on to show that the spawning beds had been largely destroyed, and 
that salmon, salmon trout, and hurlings are prevented from ascending the river. 


The estuary oi the Lune is polluted by the sewage of Lancaster, a town of about 40,000 
inhabitants, the whole of the sewage passing into the river without treatment, as well as 
a good deal of trade waste. Here again a thick and foul deposit is often found in the tide- 
way and fish are prevented from running up the river. 


The estuary of the Tyne is much polluted, and to a great extent rendered unfit for the 
existence of salmon, and some of the small tributaries are rendered totally unfit. The 
bed of the river is coated with deposit which prevents the growth of vegetation. The 
polluting matters are of various kinds—lead mines and sheep dip in the higher reaches, 
and in the tideway, chemical works, alkali works, paper mills, mining, and the refuse from 
various manufactories. No salmon spawn in the South Tyne on account of the lead. The 
North Tyne is fairly pure and is the main spawning ground for salmon. The pollution 
of the Tyne has caused a distinct decrease in the yield of salmon, the amount of fish found 
dead at the head of the tideway and the smolts having largely increased of late years— 
as many as forty to fifty dead fish being found at a time, sometimes per day, at the head 
of the tideway, killed mainly by pollutions at Newcastle that are backwatered there.§ 


* Prof. A, G. Malmgren, Bull, U.S. Fish Com. 1885, p. 264. 

+ Roy. Com. on Salmon Fisheries Rep., Part IL., p. 25, ‘. 

t Lhd. pp. 626, 631, 634. ; ea 
§ Ibid. pp. 189, 190 193, 196. 
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The estuary of the Dee is polluted by the sewage of Chester and by various trade effluents, 
including those from galvanising works, paper mills, tar works, artificial manure manu- 
factories, &c. Although the sewage is treated chemically (lime precipitation) before being 
discharged into the estuary it appears to do damage to the salmon fishery. 


‘* The sewage gets into the river when the tide ebbs, and goes down a certain distance 
until it is met with the flood tide, and then it comes up and goes down, unti! the river gets 
into a filthy state, and dead fish are continually found in the vicinity of this outlet whenever 
the river is low.” 


‘Fish run up the estuary when they feel the fresh. Some, no doubt, get up the river, 
but many get into the estuary and tidal portion, perhaps a bit late, and meet the ebb and 
flow of the stirred-up pollution, and then it must be remembered that in floods people seize 
the opportunity to run off their pent-up filth. These fish, if not netted, fall back into the 
sea, and remain there until nature forces them up with a large later run when the water 
is plentiful. 


_ The Chester Weir, which has no ladder, is an obstruction to fish. They cannot get over 
In a small fresh. A sixteen-foot tide lets them over. If our salmon get up to this weir 
and cannot get over it they have a poorish chance of their lives.’ * 


According to Noel Patont the pollution in these estuaries seems to act in the early 
months of the year when the rivers are low and the fish not running up rapidly. In 
other rivers, like the Ribble, Taff, Exe, and Yorkshire rivers, it appears practically to 
prevent the ascent of adult fish even in the later months when floods dilute the pollution 
and the gravid fish are striving to reach the spawning beds. 


In certain cases the pollution of estuaries has occasioned damage not only to the mi- 
gratory salmonide@ but also to sea fish. Thus “‘ There seems to be no doubt that whatever 
the cause or causes, the fishing industry in Chichester Harbour occupies at the present. 
time a position of far less importance than was formerly the case . . . So far ag I can 
ascertain, flounder fishing at one time constituted an important branch of the industry 
in Chichester Harbour, but at the present time few flounders are to be caught there. It. 
appears also that the principal area in which flounders were caught was at the upper end 
of the Chichester Channel above Dell Quay. 


The trouble which formerly arose from the imperfect treatment of the Chichester sewage 
has been already referred to, and as to the result of my inspection of the site of the former 
sewage works, I have no doubt but that under previously existing conditions the treat- 
ment of the sewage was in fact very imperiect and that the Chichester Corporation were 
ill-advised in attempting to deal with their sewage under the scheme then in force. 


And I have no doubt but that the effluent then discharged into the harbour must under 
usual conditions have been impertectly clarified with a resulting deposition of foulsludge 
in the harbour bed below Appledram. This deposition of sludge in the bed of the stream 
would have been quite sufficient to drive away from the locality such fish as flounders, 
which, as the fishermen believe, resorted here for spawning. And it is easy to understand 
that the destruction of their breeding ground-must have made an immense difference to 
flounder fishing in the harbour. 


An additional fact which supports this conclusion is the disappearance of eels from the 
same area. I understand ‘that with the disappearance of the flounders, eels also have 
forsaken the upper part of Chichester Channel. I think that it may be accepted as a 
fact that eels are tolerant of a certain degree of fouling of the bed of a stream which they 
frequent, but that when fouling has increased beyond a certain point they will absolutely 
desert the water.” f 


Foulerton states that the foul mud is not only derived from the sewage, but also from 
a decaying sea weed locally called ‘Cabbage,’ (which is no doubt Ulva Latissima). He 
also draws attention to the fact that the quantity of fish frequenting the shores of the 


* Roy. Com. on Salmon Fisheries Rep., Part II. Evidence of Major Leadbetter and J. Simpson, pp. 276, 
277, 283. 

+ Ibid. Part IIT. Appendix xxi, Npee Se Py ee YR ARR NAM a RR 

t The Pollution of Tidal Fishing Waters by Sewage. A Report to the Local Fisheries. Committee of the 
Sussex Sea Fisheries District on the conditizn of New Shoreham Harbour and the Tidal Adur. and of 
Chichester Harbour. By A. G. R. Foulertcon. 
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South Coast has diminished in recent years, and makes the interesting suggestion that 
this diminution finds a probable explanation in the protection which has been extended 


to sea fowl in recent years. 


“Tn a partially enclosed water such as Chichester Harbour, it is evident that gulls, 
cormorants, and other sea fowl must account for an immense number of small fish, a 
number which probably exceeds in importance the toll levied on fish life by the fishermen. 


It is difficult to understand why these fowl which may be regarded as the vermin of 
the sea shore, should be specially protected any more than rats are protected on land. 
Sea fish on our coasts already suffer sufficiently from man to render it unwise to afford 
artificial protection to their natural enemies the sea fowl.” * 


xk x *y aye S x 
The following appear to be the most important ways in which the pollution of water 
may affect fish :— 


1. The polluting substances may absorb the dissolved oxygen of water, even- 
tually causing the death of the fish by asphyxia. 


2. The polluting substances may be in themselves of a nature toxic to fish. 


3. They may either contain originally a deposit or may eventually give rise 
to such which may :— 
(a) Render the bed of the stream, river, or estuary unsuitable for spawning. 
(6) Destroy the natural food supplies of fish. 
(c) Cause mechanical injuries. 
{ 
\ 


d) Lead to clogging of the gills. 


* For particulars regarding outfalls dischargi i | 
: ging effluents rendering waters unfit or partially unfit f 
a in England and Wales, see Roy. Com. on Salmon Fisheries Bent Part IIL, Section 7 Teton 
XXVI., pp. 164-198, and in Scotland Jbid. Section 2, Appendix XXIII. and XXIV., pp. 100-125, 
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EFFECTS. OF DE-AERATION. 


Although water stands in much the same relation to fish life as air does to that of land 
animals, there are certain wide differences between the two media to which attention may 
be drawn. And first there is the difference in diffusibility. A gaseous impurity introduced 
into air mixes quickly with it even in a closed vessel, in consequence of the rapid move- 
ments of the gas particles, while in nature this process is no doubt materially assisted 
by movements caused by wind. Thus, even in the case of a large city, the composition of 
the air above it is subject to only slight variations under ordinary conditions. Though in 
exceptional circumstances, such as those obtaining in a London fog, the variations, while 
still not very considerable, may be of such a nature as to cause immense inconvenience 
if not actual injury. 


But even in such cases the variations in the amount of oxygen in the air are probably 
quite insignificant, and the deleterious effects are due not to any deficiency in the amount 
of that substance, but to the presence of minute quantities of soot, hydrocarbons, sulphurous 
anhydride, etc., which on the one hand act as a screen in cutting off light, and on the other 
cause irritation of the lungs and respiratory passages. But in water, not only does the 
process of diffusion occur with a rapidity of an altogether lower order, but in addition, the 
velocity of ordinary water currents is much less than that of wind currents, and the mixing 
effects proportionally smaller. A gale may blow with a velocity of sixty or more miles 
per hour, but a river or ocean current rarely exceeds one-fifteenth of that rate. 


Moreover, as elsewhere stated in this Report,* recent investigations have shown that 
the aeration of a perfectly still sheet of water proceeds with unexpected tardiness, and only 
when its surface is disturbed does the air readily penetrate and dissolve, while even under 
the latter conditions the aerating process is still by no means rapid. 


The quantity of dissolved oxygen present in fully aerated water is at ordinary tempera- 
tures in round numbers about one-thirtieth of the amount of gaseous oxygen present in 
the same volume of air, and putrefying liquids, such as sewage, very rapidly absorb that 
gas. Hence all the dissolved oxygen quickly disappears from water containing sufficient 
sewage or other putrescible liquid, and the mixture may remain for a considerable length 
of time in a de-oxygenated condition—not alone because of the slowness with which re- 
aeration occurs, but also because the mixture may continue to use up the oxygen as fast 
as it is dissolved from the air. The effect of such a liquid on fish life is of course rapidly 
fatal, causing death by asphyxiation, while even when the mixture is partly aerated it may 
still act injuriously, from its containing insufficient oxygen for the normal requirements 


of fish. 


It is of interest to compare in certain directions the respiratory processes of aquatic and 
terrestrial animals, or to be more accurate, of those which derive their supplies of oxygen 
from water on the one hand, and from air on the other. 


Such a comparison is no doubt impossible in a strictly accurate sense as it would involve 
a knowledge of the respiratory changes occurring in all animals of both classes, but for 
the object in view it will be sufficient to compare the respiratory processes of fish and of 
human beings. 


The excretion of carbonic anhydride by the latter varies with the conditions, but if the 
average amount be taken according to Pettenkofer and Voit, and Vierordt respectively, 
and it be referred to each kilogram of body weight per hour, the figures are 250 c.c. and 280 
c.c. respectively, or 265 c.c. as the mean, and further if the “‘ respiratory quotient ”’ or ratio 
between the carbonic anhydride exhaled, and the oxygen absorbed, be taken as 0:9, then 
the oxygen absorbed per hour and per kilogram of body weight amounts to 277 c.c. and 
310 c.c. respectively, or, taking the mean of these two figures, to 293 c.c. 


According to more recent work by Speckf on the same subject, the hourly absorption 
of oxygen is 361 c.c. and the evolution of carbonic anhydride 314 (means of 12 experi- 
ments), giving a respiratory quotient of 0°87. 


Regnard and Jolyet{ have carefully studied the respiratory changes occurring not only 
in certain fish, but in other aquatic animals also under normal conditions, and they give 


* See pp. 56-66. : 
+ Untersuchungen iber Sauerstoffverbrauch und Kohlensiureausathmtng des Menschen. Cassel, p. 31. 
t La Vie dans les Eaux, pp. 414~—415. 
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the following figures referring to the hourly excretion of carbonic anhydride and hourly 
absorption of oxygen in c.c. per kilo of body weight, and also the value of the respiratory 


quotient, for a temperature of 18 C. 


Q 
i 





Actinia = - - . - - - - 
Starfish - : : - - - - - 
Oysters - - - - - - . - 
Mussels — - - - - - - - - 
Cockles— - - - - - - - - 
Cuttle fish - - - - . - - . 
Cray fish (Spiny L: bster)  - - - - - 
Lobster - - - - 

Crab - - . 
Shrimps (Crevettes)  - 
Pipe fish (Syngnathes)- - 
Dogfish - . - - - - - 

Soles - - - - - - - - - 
Torpedo (Torpilles)  - - - - - - 
Congereel - - - - - . - - 
Red gurnet - - - - - - - - 
Gilt Head (Dorades) - - - - . m 
Mullet - - - - - - - : 
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Taking from the above table as average figures for fish* the mean between the Conger Eel 
(of least respiratory activity) and the Gilt Head (of greatest respiratory activity) the 
hourly excretion of carbonic anhydride is about 63 ¢.c. and the hourly absorption of 
oxygen 92, with a respiratory index a little below 0-7. 


The average respiratory activity of fish may therefore be taken as from one-third to 
one-fourth that of human beings, according as the figures for the latter are those which 
were first given or the later ones by Speck, 3 


The volume of avr containing the oxygen necessary for the hourly consumption by human 
beings per kilo of body weight is about 1:4-1°7 litres, while the volume of water containing 
the dissolved oxygen necessary for the hourly consumption by fish per kilo of body weight 
is about 13 litres (fresh water) or 15 litres ( sea water). ; 


It may, however, be pointed out that fish do not appear to be affected by free carbonic 
anhydride in water to anything like the extent that air-breathing animals are by the 
same gas when present in the atmosphere. 


Thus 5 per cent. by volume of carbonic anhydride in air is certainly beyond the limit 
which can be tolerated for any length of time without producing serious effects in human 
beings, but according to Regnard} the proportion of carbonic anhydride may rise grad- 
ually to 15-20 per cent. in water before fish are injuriously influenced, and only proves 
fatal when it reaches 20-80 per cent. 


As fresh water contains only 0-7 per cent. of oxygen by volume, and sea water 0:6at 
15°C, in round numbers, it is obvious that fish can never cause by their respiratory processes 
an accumulation of carbonic anhydride in the waters they inhabit inimical to their 
existence, whereas such accumulation of the gas is: rapidly produced in confined spaces: ~ 
by the respiration of human beings, and no doubt by other warm-blooded animals also. 


In considering the effects either of toxic substances, or of a diminished oxygen supply on 
fish, several factors must be taken into consideration, such as the nature of the species, — 
the size (and therefore the age in a given species), and the temperature of the water. . 


Carp, tench, and, no doubt, eels also, thrive in water containing less dissolved oxygen’ 
than is required by trout, and probably other members of the Salmonid@ family, and in 
general poisonous substances in the water affect them less also. Very possibly this may. be 
traced to the sluggish nature of their movements compared with those of the far more - 
active salmonide with a corresponding lowness of respiratory activity. As to the in- 


5 8 SEER Tem ATE CORT TRE : Mott? bela cob epee ons Se i eee 
* hae Table does not include salmonide, the respiratory activity of which is probably higher than of » 
most OS. 
ft La Vie dans les Haux, p. 356, : 


a. hai Hssethoff found that 10 per cent. by volume in water was harmful to fish (bandw. Jahrbiicher, 
Ji, 40, (9). 
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fluence of bulk or volume, according to Quinquand,* the respiratory activity diminishes 
with the weight, but among fish whose weight is less than 500 grams the respiratory activity 
per unit of body weight is more considerable, no matter what the species may be. Among 
mammalia the newly-born resist asphyxia more than adults, but among fish the contrary 
appears to be the case. With regard to the effects of temperature, W. Edwards f ascertained 
that when fish are placed in water deprived of air, the duration of life augmented pro- 
gressively with the lowering of the temperature of the water from 40° C. to nearly 0° C. 


Regnard and Jolyet { investigated the amount of oxygen absorbed from water by carp 
at different temperatures with the following results :— 





Volume of oxygen 
Temperature. consumed per hour and per 
kilo of body weight. 





2°C, : 2 - - - : 14-8 o.c. 
UR Re Ree ke ate aT Re 
Coa tg rae letting bale Nel Catlaesg 147°8_,, z 








Thus proving the very considerable influence of temperature on the respiratory activity 
of fish.§ 


The amount of dissolved oxygen in water necessary for fish life has been studied by a 
number of observers, and chiefly as regards fresh water fish. Perhaps the most important 
experimental research on the subject is that of Hoppe-Seyler, and Duncan. 


In their experiments the fish were contained in a large pear-shaped glass vessel of about 
15 litres capacity, placed on its side, but not quite filled with water, an air space of about 
200 c.c. capacity being left. Through openings at each side fitted with corks and tubes, water 
could be withdrawn from time to time for the analysis of the dissolved gases, or fresh water 
admitted without disturbing the fish. Also air could be introduced, either of normal com- 
position or with a deficiency of oxygen induced by the respiration of a rabbit under a bell 
jar, but freed from carbonic anhydride by circulating it through potash tubes before its 
admission into the vessel containing the fish. The following is a brief summary of the 
results obtained :— ae 


1. With the dissolved oxygen amounting to 3-4 c.c. per litre, tench remained 
apparently unaffected for from thirteen to twenty-two hours. Hoppe-Seyler, 
and Duncan compare this proportion of oxygen with an atmosphere containing 
8 to 11 volumes per cent. of oxygen, in which warm-blooded animals show no 
dyspnea. 

' 2. With the dissolved oxygen reduced to from 0°8 to 1°7 c.c. per litre, trout 
became either restless and breathing rapidly or were lying on their sides after a 
period of one and a half to two and a quarter hours. The dissolved oxygen in 

/ this case corresponds with an atmosphere containing 2°42 volumes per cent. 
(? 2 to 5). 


3. With the dissolved oxygen further reduced to from 0:0 to 0°7 ¢.c. per litre, 
tench were still alive after from four to twenty hours, though in a bad way. 
They probably derived oxygen from the upper layers of the water, which were 
richer in that gas than the lower. 


Fully aerated distilled water at a temperature of 15° C. contains in round num- 
bers 7 ¢.c. of dissolved oxygen per litre, and it will be convenient to speak of this 
figure as the “air saturation value.” Hoppe-Seyler and Duncan’s results with 
fish may therefore be expressed as follows :— 


(1) When the dissolved oxygen in water amounts to half the air saturation 
value, fish (as exemplified by tench) remain practically unaffected for.a 
considerable period. 





* Expériences relatives 4 la respiration des Poissons, Compt. Rend. Ixxvi, 1873, p. 1141. 

+ Memoires sur lasphyxie. Ann. de Chimie, v. 1817, viii. 1818, x. 1819. 

t La Vie dans les Eaux, p. 416. 

§ The effects of temperature on the respiratory activity of warm blooded animals is exactly the reverse of 
those on the respiratory activity of fish and other cold blooded animals, that is to say, both the intak» of 
oxygen and the output of carbonic anhydride are increased in the former with a fall and decreased with a 
rise of external temperature. 

‘| Zeitschr. f. Physiol. Chemie, 1893, xvii., pp. 147 and 165. 
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(2) When the dissolved oxygen is reduced to between one-ninth and one-fourth. 
of the air saturation value, trout are rapidly and seriously affected. 


(3) When a further reduction is made so that not more than one-tenth of the 
oxygen corresponding with the air saturation value remains, sluggish 
fish such as tench may still exist for some time, but it may be doubted 
if they could do so in water uniformly of this composition. 


Kénig* conducted some experiments on fish with water partly deprived of its dissolved 
oxygen by a mixture of ferrous sulphate and lime in equivalent quantities, such water 
being made to gradually replace ordinary aerated water in an open vessel which con- 
tained the fish. He found that under these circumstances fish could tolerate water 
containing from about one-fifth to somewhat less than one-half of the dissolved oxygen 
corresponding with the air saturation value, without showing any symptoms of injury. 
He, however, rightly draws attention to the fact that these experiments were conducted 
in open vessels and were therefore liable to error owing to the possibility of aeration 
occurring while they were in progress. He considers that fish can tolerate without ill 
effects water containing 2°2 c.c. of dissolved oxygen per litre or one-third the amount 
usually present in flowing water. 


W. J. Dibdint kept dace, gudgeon and minnows in a (purified) sewage effluent con- 
taining 20-25 per cent. of the air saturation value of dissolved oxygen, but not for any 
length of time, the fish eventually succumbing and showing a fungoid growth. He con- 
siders 50 per cent. of the air saturation equivalent as necessary for fish life. G. D. Thudi- 
cumt also kept fish in water containing 25-30 per cent. of the dissolved oxygen corres- 
ponding with aeration, but states that they only just lived. When, however ,the amount 
was more than 50 per cent. there was no indication that the fish were even inconvenienced. 


Noel Paton§ conducted some experiments on the amount of dissolved oxygen required 
by small rainbow trout, in connection with an investigation of the effects of the pollution 
of the Tyne on salmon. 


Having first found that a mixture of samples of the waters from the estuary of the Tyne 
contained no dissolved oxygen after an interval of two days and that fish died rapidly in 
it, he next showed that the same water when aerated sustained the life of a young trout 
without further aeration, the dissolved oxygen at the end of this period having been 
reduced to 2 c.c. per litre: whence he concluded that there was not any, chemical sub- 
stance prejudicial to fish life in the waters of the Tyne estuary. 


In his next experiments the fish were placed in ordinary water containing different 
amounts of dissolved oxygen, and the effects on them observed. From these he con- 
cluded that a fall in the dissolved oxygen to below one-third of the normal amount (2 c.c. 
per litre)|| is prejudicial and generally fatal to young salmonoids—thus confirming the 
results obtained by Hoppe-Seyler and Duncan. 


When the surface of the deoxygenated water was exposed to an atmosphere containing 
oxygen, the fish seemed to live by constantly coming to the thin layer of more oxygenated 
water at the surface. Some fish are able to sustain life for a very prolonged period 
in water containing only minimal traces of dissolved oxygen. Such fish are seen to lie 
very quietly at the bottom. 


It appears to us that a much more extended series of investigations is necessary than 
any of those which we have summarised above, in order to decide the question as to what 
standard of dissolved oxygen should be insisted on in relation to fish life. 


In the first place, we are of the opinion that before anything definite can be said on the 
subject, the investigation for a given species of fish should be extended over a period not 
merely of hours or days, but rather of weeks or months, and that separate experiments 
aaa ba made with old and young fish, and that the effects of temperature should also 

e studied. 





* Die Verunreinigung der Gewasser, vol. ii., pp. 37, 38. 

t Roy. Com. on Salmon Fisheries, Rep. 1902, Part IT., p- 763. 

.% mal Com. on pe Fisheries, 1902, Part II., p. 766. 

§ Observations on the amount of dissolved oxygen j i Le. . . 
ee Edinburgh, 1901-1902, 24, Part II., p. 145. Teen, te. water Required, By 7oUne Rema de aso 

|| The air saturation value for sea water at 15° C. is 5:83 c.c. of dissolved oxygen per htre. 

"| The same thing msy cften be cbserved in p-nds ecntsining fish and Iong stegnent water. 
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And again, so far as we can ascertain, no work of the kind has been done in relation to 
sea water and sea fish, and it should be remembered that the latter have a narrower margin 
of dissolved oxygen at their disposal than fresh water fish; for whereas the air saturation 
value (as already stated) is for fresh water at a temperature of 15° C.inround numbers 7 c.c. 
of dissolved oxygen per litre, for sea water at the same temperature it is only about 6 c.c. 


It would also appear to be practically certain that different species of fish have different ~ 
requirements as regards dissolved oxygen, and that sluggish fish, and more especially such 
as live on muddy bottoms like the tench, eel, and probably some of the flat fish among the 
marine species, can tolerate a much lower proportion of dissolved oxygen in the waters 
they inhabit than swiftly moving and more vigorous species, such as the salmonidw, which 
probably for that reason only inhabit clear water. Thus each species ought to be indi- 
vidually investigated in relation to respiratory requirements or at least the more 
typical species. Bus there is another point which in our opinion should not be lost sight of, 
namely, that such fish as either inhabit certain estuaries or occasionally pass through them 
must at times be submitted to the effects of sudden changes from well oxygenated to only 
slightly oxygenated water, or vice versa, while at other times the changes may be of a more 
gradual character to which the fish may in time accommodate themselves. 


Changes of the first kind must occur, one would think, to salmon either running from 
the open sea up a polluted river, or through a polluted river zone, or back to the open sea 
from the river, while those of the second kind would be experienced by fish in a polluted 
estuary during the ebb and flood tide respectively. 


The question, therefore, of the effects of rapid changes of the aquatic atmosphere (if 
the expression may be allowed) on the one hand, and of slow changes in the same, on the 
other hand, seems worthy of separate investigation. 


We had intended to take up this question ourselves, and had decided to experiment 
with flat fish as representing a sluggish marine form, and with some member of the sal- 
monde group as representing the more active type. 


We proposed submitting individuals of both species to sudden changes in dissolved 
oxygen in one set of experiments, and to more gradual changes in another. And for the 
latter purpose it seemed sufficient (at least by way of preliminary trial) to allow the fish 
to live in a relatively small volume of water, by which means the fish itself would gradually 
diminish the dissolved oxygen by its respiration, while for reasons already mentioned, 
the effects of the carbonic anhydride which it exhaled might be ignored. 


It was only after performing the two experiments, the results of which are given below, 
that we discovered that our investigation was illegal without a special licence, and it there- 
fore perforce had to be discontinued. 


EXPERIMENT WITH A DaB (Pleuronectes Limanda). 
Length of Fish, 15¢.m. Weight, 14 oz. 
Water in Tank at beginning of Experiment, 78 litres. 


4p AD end ? 45 ” 
Date. Time. Temperature of Water. BER AMES Ee 
per litre. 
November 19 10.15 A.M. 8:4° C 5°91 
i) 19 3.45 P.M. oat ae 5°70 
i, 20 9.45 A.M. 8 B5s.5 5°58 
a 20 6.20 P.M. DF dare 4°98 
‘ 21 9.30 A.M. LE eats 4°50 
$ 21 6.0 P.M. iN Sy 4°08 
ee og ee 8 tame UDR ee 375 
im bas 10.0 AM. 10°6 ,, 2°85 
+f 23 4.30 P.M. ite ees 1-80 
5 24 9.30 A.M. 10-9 ,, 1°35 
es 24 5.15 P.M. 105635; 0°99 
53 25 9.40 a.m. Oy. bs 0°43 
e 25 6.30 P.M. De Tamas 0°39 


N.B.—The last determination was made when the fish died. 
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EXPERIMENT WitH 4 Das (PLEURONECTES LIMANDA). 


Length of Fish, 25 cm. Weight, 5§ 02. 


pepe ee Se ee iT ie... 











Date. Time. Temperature of Water. moe ae 
November 26 | 4.15 P.M. 69°C 6°79 
Fe 27 9.45 A.M. ey br 6:06 
1g 28 10-0." ss 10:63 4-38 
rd 29 2.30 P.M. 10°0,, 2-73 
oe 30 9.30 A.M. 8°2,, 9-92 
December 1 RS dak et: 2-16 
”? 2 9.30 ”? 6°2 9 T°o2 i : 
! 3 9.45 5; 6°8,, 1:74 s 
fe 4 9. SOs rele 1‘b6 Ned ah 
B pane 6-4, 1°50 bia 
Pr 6 3.0 P.M. Gob. 1°47 = 
eA th 9.30 A.M. 6°0.,, 1°38 
Re 8 9 UADMS ThOG 1°35. 
45) 9 OAn0i 8°2:,, 1°34 
ry) 10 11.0455 8°64 129 
a ig 9.3083 9°6.,; 1°23 











These experiments show that among flat fish the dab at all events can exist for a con- 
siderable time in water containing a very small proportion of oxygen, and it seems im- 
probable from our investigations on the dissolved oxygen contained in some of the chief 
estuaries and tidal waters of the English and Irish coasts that this species of fish would 
be seriously affected in any of the fishery districts we have examined. 


Notes and Observations.—it 1s of course well known that salmon and white trout 
collect in or near to estuaries, and do not venture to ascend certain rivers until a 
‘fresh’? or “‘spate’’ occurs. In part this may be due to insufficient water being present 
in the river during dry seasons to enable the fish to pass over the shallow regions and to 
reach their spawning grounds... But probably an equally cogent reason, at least in certain 
cases, 1s that only when the rivers are in flood is the water sufficiently aerated and pure 
to enable the fish to pass the polluted zone. 


In certain polluted rivers, the Liffey for instance, the migratory fish are probably enabled 
to pass the polluted zone in another way, namely by taking advantage of the layer of 
sea water brought up by the tide and which lies on the bed of the river or estuary below 
the polluted fresh water. That this condition of affairs actually exists is shown by the 
analyses of the Liffey water at different depths (sce Section 98, pp. 269-303), and is also 
demonstrated in a most interesting and convincing manner when the river is in flood and 
the fresh water coming down is brown in colour. Should a steam boat then pass, the 
lower layer of sea water is brought to the surface by the action of the propeller and in 
its wake a track of blue water appears. The effect is most striking and resembles a blue 
ribbon stretched over a brown ground.* | 


In our examination of certain of the English estuaries we have been greatly struck 
by the long reaches of water which exist in which the dissolved oxygen is at a minimum. 
This is especially the case with the Humber and its tributaries the Ouse and Aire. In 
the stretch of water between the mouths of the two last-named rivers we found (at the 
commencement of the ebb tide) only one-third of the air saturation amount of dissolved 
oxygen, and the conditions higher up these rivers and at a lower state of the tide must 
have been much worse. It is true, however, that the weather was dry, but even under the 
most favourable conditions we cannot avoid the impression that.the state of these rivers 
in respect of dissolved oxygen must be seriously prejudicial to the ascent of salmon. 


EFFECTS OF SEWAGE POLLUTION. a8 
In attempting to unravel and correctly estimate the effects which may be produced 


on fish by the pollution of the waters which they inhabit by sewage, much difficulty is 
experienced, as. the action may vary from being actually beneficial, to malevolent in the - 


* This description is from personal observation. 
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extreme. A variety of factors come into play, such as the extent of dilution of the pol- 
luting matters ; idiosyncrasies in the different species of fish in relation to the nature of their 
food and their resistance to a diminished oxygen supply or to the effect of toxic agents: 
idiosyncrasies of age in the same species in respect of respiratory activity and 
general powers of resistance to unfavourable conditions: effects of temperature: and also 
the difficulty of deciding in cases where sewage pollution is known to be harmful, whether 
the damage done is due to the effects of toxic substances present in the. sewage or merely 
to removal of the dissolved oxygen. 


It would seem that certain species of fish actually feed upon excrementitious material 
and the following remarkable statement may be quoted :— 


*“‘ Anyone who has been in Kissingen must have observed the multitude of fish which 
hover round the openings of the privies on the banks of the Saal and their eagerness 
to devour the fresh excrement as fast as it falls. And just as the peasant boys and 
gypsies know how to catch these foul-feeding fish by smearing the bait on their 
fishing lines with human excrement, so does the heron, if he misses a fish which he strikes 
at, spread his excrement over the water to entice the fish once more to the surface.” * 


Also regarding the Bass (Labrus lupus) and the high esteem in which it was held 
by the Romans, Couch f says :-— 


“Yet it was the fish preferred by the epicure that ought to have excited disgust, 
for the favourite station (where it was caught) was indebted for its excellency to the 
ereat cloaca or principal drain of the city: and as Willoughby observes, it was owing 
to their being fed with matters that were discharged from it that the fish had obtained 
the colour and taste which elevated them into reputation. A similar observation has 
been made in modern times.” 


Konig t quotes G. Oesten § in relation to the importance of fish culture for sewage farms : 


“ The effluent from sewage farms contains, it is true, no visible impurities, but on the 
other hand the organic matter present is capable of further use. On collecting such an 
effluent in ponds there soon appears a rich growth of plants and lower animals, first bacteria 
and on adding crustacea these find abundant nourishment in the bacteria, and multiply 
in an astonishing way. Crustacea are the best nourishment for young trout up to a certain 
age, for Cor: gonen,4| and especially for carp ofall ages. If, then, the fish brood is placed 
in such ponds an extraordinarily rapid development of these is remarked. 


In the Berlin Sewage Farm in the Malchow Division six experimental ponds were con- 
structed in the spring of 1890, each of 410 to 820 square metres, in all 3,710 square metres 
in area, and irom 4 to 1 metre deep, provided with the necessary inlets and outlets for the 
effluent and means for emptying when required. These were stocked with white fish 
(Felchen), ** ordinary and rainbow trout, carp, and also Zander tf} ova, as well as a 
number of small crustacea, such as Cyclops and Daphnia. 


The crustacea developed so rapidly that their presence was indicated from a distance 
by the colour of the water, and the fry (drut) of choice fish (trout and white fish) were 
so much developed in October, 1891, they could be served at a banquet. They had reached, 
in 18 months, an average weight of 250 grams, the carp 500.. The Zander had developed 
least. Further prolonged experiments yielded the same favourable results... in order to 
provide better for the food of the young fish, Prussian carp (Giebeln), Rudd (Plétzen) and 
Roach (fothaugen) were placed in each pond. These soon spawned abundantly, so 
that the Salmonid@ had a plentiful supply of small fish to live on. 


According to the Report of the Administration for 1897-1898 experiments conducted 
with “ Ostseeschnigelbrut ’ {} were also successful. Carp and tench throve excellently, 
and the carp sold for 152 marks clear profit.. In 1896-1897 the carp realised 900 marks. 


* C. Jager, ““ Die Seele der Landwirtschait,” Leipzig, 1884, p. 51. 

+ Couch. Fishes of the British Isles. 

{ “Die Verunreinigung der Gewasser,” I., p. 337. 

§ G. OCesten Gesundh. M gn., 1869, 22, 117. 

q The genus Coregonus includes the Grayling, Guinead, Vendace, Pollen and Powan. 

** Possibly the Guinead only. 

++ Leucoperca Sandra. A fish not occurring in the British Isles. 

tt All attempts to find a translation for this word have failed, and indeed the translation of 
the names of the different species of fish mentioned in the above extract into English has been difficult and in 
many cases is uncertain, as they either do not appear at all in the dictionaries, or if so, are often translated 
differently. Moreover, on consulting Germans, thoroughly familiar with the English language, we found that 
they were in ignorance even of the German names for most of the fish. 
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For the success of the fish pond industry good aeration and exposure of the water to 
sunlight are essentials. A boggy or spongy pond bottom is unsuitable as it does not en- 
courage the development of those lower animals which serve as fish food.” 


Oesten proposes to collect the sewage farm effluent in suitable ponds, and to inoculate 
it with the proper organisms, serving eventually for fish food. Next, to pass it into a crus- 
tacean pond, where the bacteria are devoured by the crustaceans, and the latter increase 
and multiply. Lastly, to pass it into the fish-breeding ponds.* 


The suitability of a sewage farm effluent for fish life is, according to Oesten, the best 
criterion of purification, and he proposes the following standard :— 


“‘ The effluent from sewage flowing into open water must be of such nature that fish live 
and thrive in it, and as a control apparatus a fish pond fed by such effluent.”’ 


Ké6nig points out, however, that fish might live in water containing a high proportion of 
chlorides and sulphates or small quantities of colouring matters, while such water would be 
unsuitable for farming or manufacturin® purposes. 

*k x x x *K *k 

Anyone who has carefully studied the seaside must have noticed the abundant flora 
and fauna near the mouths of small sewers, and particularly such as lead from cesspools. 
Mussels, shrimps, annelids, and other small animals are plentiful, while the ulva latissima 
and other green sea weeds grow luxuriantly. : 


It cannot, therefore, be doubted that under certain circumstances the discharge of sewage 
or of sewage effluents into water, supplies fish, either directly or indirectly, with food, and 
does not act deleteriously on them.T 


It is probable, if not indeed certain, that this is only the case when the dilution of the 
sewage with fresh or sea water is sufficiently large to ensure a sufficiently large residuum 
of dissolved oxygen. 


When, however, the volume of the sewage is relatively considerable, compared with 
that of the diluting medium, a totally different set of conditions may arise. 


The dissolved oxygen may almost or even entirely disappear, and in the latter case, 
sulphuretted hydrogen, so deadly to fish life, may be generated, The stream or estuary 
may as a consequence become actually foul, the waters turbid or even inky from the pro- 
duction of ferrous sulphide, and the bed coated with a black and evil-smelling deposit. 
Under such circumstances fish life becomes impossible, the spawning beds are destroyed, 
aquatic plants—so important as oxygenators of stagnant water—disappear, and the whole 
locality becomes a festering eyesore. 


This is no fancy picture, as precisely the conditions described are still to be found in 
the Clyde at Glasgow, the river actually effervescing at low water from the escape of foul 
gases from its bed, while the Ship Canal at Manchester is in a similar filthy condition, 
and the Liffey at Dublin is nearly as bad. 


As regards the actual effects of sewage pollution in varying proportions on fish life, 
probably the most important and extensive series of experiments were made by Weigelt, 
who collected for the purpose the wash water, kitchen water, etc., from his own household 





* This scheme Oesten has patented, D.R.P. 101706. 

} See Herdman’s evidence before this Commission, Interim Report, Vol. II., p. 485. 

“ Shell fish certainly feed upon sewage. Shrimps feed upon sewage ; many of the minuter things which 
form the food of the large ones feed upon sewage, such as the little animals in the sea called Copepoda, 
small crustacea, microscopic thmgs which are present in enormous amount, which are more important than 
anything else in the sea as food for fishes. They feed largely on sewage and act really as scavengers and con- 
vert sewage Into what one may call good food for the fish.” 

Also McIntosh (Roy. Com; Salmon Fisheries, 22377-8) ‘We know that the placing of new sewage 
outlets in the sea has a remarkable influence upon the sea trout. I may instance one case, namely the 
placing of a sewage outlet, which was a new thing in the sea at St. Andrews. The men went with nets a 
year or two afterwards perhaps and caught large numbers of sea trout there, and young salmonoids around 
the exit of the sewage pipe. They were never known to be found in such numbers at that part previously,” 
from which he came to the conclusion that sewage attracted small forms of life such as shrimps which the ~ 
fish fed upon. 

t Landw. Versuchstationen, 1882, 27, 315. Archiv. f. Hygiene, 1885, 3. 70. 
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and diluted a portion with ordinary water to bring it up to a standard of a water supply 
of 110 litres per head per day, while another portion was mixed with urine, feces and ordin- 
ary water to correspond with a water supply of 150 litres per head per day. Both liquids 
were allowed to ferment for. eight days (in August) before being employed for the experi- 
ments on fish. 


Some of these experiments were made in large glass cylinders containing five litres of 
the mixture, the time being noted which elapsed after introduction of the fish until it lay 
permanently on its side, this time being called by Weigelt the “‘ Resistance Period.” 


The fish experimented on were trout, salmon, tench, “‘ bastard salmon,” Californian 
salmon, salmon trout, and also the ova of trout and grayling. 


With both the housewater and the sewage, trout were nearly instantaneously brought 
to the resistance limit, and with a dilution of four times with ordinary water the Cali- 
fornian salmon and salmon trout remained unharmed fortwo hours. Witha dilution of one 
part of the sewage to five of water small Californian salmon were killed in thirteen hours, 
and salmon trout in eighteen hours. Similar dilution of the housewater gave a mixture 
which did not apparently affect the same species of fish in eighteen hours, but they died 
a few days later, having been placed in the interval in running water. 


Further experiments were tried with dilutions 1: 10, 1: 20, 1: 40, and even in the highest 
of these dilutions (sewage) Californian salmon and salmon trout died in three to four days. 
But on the other hand those in the diluted house water were not apparently affected. 
Nevertheless in the dilution 1 : 10 of the house water one of the fish died after some days 
when placed in fresh water while the growth of the others was visibly affected, and alter 
four weeks they were easily distinguished from similar fish which had not been experi- 
mented upon by their darker colour. 


Notes and Observations.—So far as we are aware, no work has been done on the effects of 
sewage in a fully aerated mixture with water,* and Weigelt’s results were possibly and 
indeed probably due to the effects of de-aeration and not to the presence of toxic 
substances. 


The only estuary which has come under our notice, where sewage is distinctly in evidence 
is that of the Eden below Carlisle. We can fully endorse the remarks made by a witness 
before the Royal Commission on Salmon Fisheries, quoted on page 202. The bed of the 
river for some miles below the tidal limit is coated with sewage sludge, and a net drawn 
across the river during our visit brought up a thick deposit of foul matters. 


We were informed that salmon caught in the Eden have adistinct taste. Whether this 
is the case or not we do not know from personal experience, but owing to their disagreeable 
flavour we were unable to eat some “ hurlingt’ which we saw caught in the estuary 
and which looked fine fresh run fish. 


EFFECTS OF CERTAIN SPECIFIC IMPURITIES. 


Suspended Solids.—These, according to the authorities on the subject, may act in several 
different ways on fish, such as (a) in certain cases by causing mechanical injury; (b) by 
clogging the gills ; (¢) by imparting poisonous properties to the water. 


Leuckart{ investigated the effects of water containing a sediment of manganese peroxide, 
but according to K6nig his remarks apply generally to waters contaminated with suspended 
particles. 


* With the exception of Noel Paton’s experiment with the waters from the Tyne Estuary alluded to on 
_p.. 208: 
+ Salmon trout ? 
{ Ein Gutachten tiber die Veranreinigung von Fisch und c. Wassern,” quoted by J. Kénig in “ Die Verun- 
reinigung der Gewisser,” 1, p. 82. 
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The manganese sediment referred to by Leuckart contained quartz particles and clay. 
The sharp edges of the former wound the skin of fish, particularly the eyes and gills, and 
the effects, small at first, may become considerable later.  Siebold informed. Leuckart that 
he had seen fish with their eyes quite destroyed by quartz particles, so that the. black pig- 
ment protruded and the gills showed abundant extraversations. These fish had been 
in a box, which, during a continued period of rain, had been submitted for some time to 
the action of a sediment containing quartz particles. Indirectly, sediments affect fish 
by covering the bed of a stream and closing up their resting places, preventing or destroy- 
ing vegetation, and thus depriving the fish of an important source of oxygen, and also of 
the minute animals feeding on vegetation, and in their turn serving as food for fish. 


Sediments also affect fish ova, by actually tearing the membranes if particles of quartz 
are present, or by hindering the admission of oxygen (fish often depositing their ova near 
water plants to secure proper oxygenation). The ova may become covered with a layer 
of sediment which hinders diffusion. 


Leuckart experimented with frogs’ spawn and fish ova (white fish) covered with a layer 
of manganese peroxide $ mm. and less thick, and found that they were destroyed—though 
the conditions were otherwise favourable. Busch showed that this was also the case with 
ordinary water sediments.* Leuchart also showed that the sediment acts injuriously by 
cutting off the light, which is necessary for normal development. The layer ofsediment 
surrounding the ova also prevents the water from acting as before. Thus the effects of 
sediments on fish ova are various. | 


Finally sediments may cover the natural spawning grounds and render them unsuitable. 


Certain sediments act injuriously on fish when present in minute quantities, and may 
be considered as specific fish poisons, according to Weigelt, and notably the oxides 
(hydrates ?) of iron and aluminium—:01 to °02 grams per litre of the former and :0038 
to ‘007 of the latter acting injuriously. : | 


Konig and Haselhoff + found that alum acts in a remarkably acute way on trout—0°1 


gram per litre of water proving harmful even after a short time, whereas tench were not 


affected by 1:0 gram per litre even after sixteen to eighteen hours. For gold fish they 
found the limit of safety somewhat higher than Weigelt’s figure, namely, about 0°3 gram 
potash alum per litre or 0°0171 of aluminium, and they remark that the difference 
was probably due to the differences in the quantity of suspended alumina in the water, 
as without doubt the action of metallic hydrates on fish is mechanical and causes 
clogging of the gills. 


They found that 0°23 grams of chrome alum per litre at 15°C. did affect gold fish, whereas 
Weigelt found 0°20 at 9°C. to be without action on a large trout. Here again the difference 
was due to the amount of precipitated hydrate. Experimenting with fish ova, Weigelt 
found that potash alum was harmful. Only 0°9 per cent. hatched out im a solution 
containing 0°1 gram per litre, whereas 51°5 per cent. hatched out in water without the 
alum. Nitsche Tharaud obtained similar results. 


Notes and Observations on Sediments.—During our tour of inspection and investigation 
of some of the chief estuaries on the English coast we were much struck by the extra- 
ordinary amount of suspended matters present in some river waters. ‘This was specially 
remarkable in the Usk (Monmouthshire), the Thames, and the Humber and its tributaries, 
the Ouse and Aire. In the Usk, which is notable for its salmon fisheries,a tumbler full 
of water collected in mid stream several miles above Newport deposited sediment to 
such an extent that its height was at least =), that of the water. While the “warp,” as 
the sediment is called in the Humber, is, we believe, utilized as a manure for the low-lying 


lands by occasionally flooding them and allowing the suspended matters to deposit on 
their surface. : 


How salmon find their way up the long muddy reaches of the Usk, the Humber, and its 
tributaries and the upper reaches of the estuary of the Severn, which are also full of sediment 
we must leave the naturalists to explain, but it appears to us impossible that the fish can 
be guided by the sense of sight during their journey, as a few feet below the surface they 
must be almost if not quite in darkness. It is, however, obvious that the mud or silt found 
in these rivers cannot be inimical to fish, or at all events to salmon. 





* Molai—Die rationelle Zucht der Stisswiisser fische. Wien 1864, p. 164-172. 
+ K6oig and Hasehoff. 
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“Coal Washings. In some of the rivers of South Wales such as the Rhymney, the Taff 
and Ogmore, and also in the Tyne and Wear, extensive damage appears to have been done 
to the fish and fisheries by coal washings. Kénig found in 1 litre of coal washings : 


grams. 
Coal dust = - - - - - - - - - 7:°596 
Sand and clay - - - - - - - - - - 5°563 
Matters in solution - - - - . - - - - 0°609 


Common salt - - - - - - - - - - 0°124 


The solid particles no doubt act mechanically both on the fish and spawning beds as 
already described.* , | 


The toxic constituents in solution are derived chiefly from the iron pyrites present in 
the coal, which by oxidation is converted into sulphuric acid and ferrous sulphate and 
the latter eventually into ferric hydrate. 


Clay Washings.—These occur in certain of the English Rivers such as the Camel, 
the Plym and the Teign, and damage the spawning beds, and it is stated fish also, inducing 
disease of the gills. 


Washings from Lead Mines.—These are found in the Wear, Towey, Derwent, Wye, Tyne, 
etc., and act no doubt mainly mechanically, by covering the spawning beds, destroying 
vegetation, etc. 


Washings from Slate Mines occur in the Seiont and render the river partially unfit for 
salmon. 


Tin, Copper, and various Metallic Mines.—In the Tamar and Plym and their tributaries 
the water either pumped from the mines (tin, copper and arsenic) or used in dressing the 
ores has damaged both the spawning grounds and the fish, while in the Teign the washings 
from a tin mine have rendered that part of the river wholly unfit for salmon, anda similar 
remark applies to the Mawddach, which is polluted partly by water employed in the Glasdic 
copper mines and partly by silt from the British Gold Fields Company. 


In these cases the injury done to the fish is no doubt partly mechanical from the solid 
particles and partly of a true toxic character from the presence of soluble impurities, 
the latter being sulphuric acid and ferrous sulphate, copper sulphate and possibly arsenical 
compounds produced by the oxidation of the iron, copper or arsenical pyrites. 


Alkali Waste.—The toxic constituent from alkali waste appears to be calcium sulphide.t 
If the amount is 16-39 milligrams per litre, and the water soon renewed the asphyxia is. 
only partial, and the fish can besaved, Above these quantities the fish die in a short time. 
Fish can tolerate large quantities of calcium hyposulphite and manganese chloride. 


Weigelt investigated the effects of sodium sulphide on fish and found that the action varied 
with the temperature. At 20° C., with 100 milligrams per litre, the resistance period for 
a tench was one hour and twenty minutes, and with 50 milligrammes per litre two hours and 
twenty-six minutes. The first fish died when removed to fresh water in six days, while 
thesecondrecovered. Atatemperature of 8° C. with 0:1 percent. a tench lay on its side after 
nine hours and forty-five minutes. 


Tannerves.—The effluents from tanneries may contain lime, tannin, chromic acid, mineral 
acids, and sometimes arsenic. From 20-30 milligrams of lime per litre causes fish to be- 
come sick ; 70-150, death in thirteen to twenty-six minutes. 


Weigelt found that 50 to 100 milligrams of tannin per litre did not act poisonously on 
trout and tench, but ten grams per litre did. 


- Tannery effluents soon become foul, and rapidly absorb oxygen from water. 


| * In the Ogmore and Taif this deposit is described by witnesses before the Roy. Com. on Salmon Fisheries 
as being inches deep. | ’ 


+ Grandeau: Ja soudvere de Dieuze &c, Paris, 1872. 
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Gas Works and Tar Water.—The effluent from gas works in addition to absorbing oxygen 
rapidly, contains definitely toxic substances, such as cyanides, sulphocyanides, phenol, 
etc. ‘As regards tar, Weigelt found that 0-2-10-0 grams in 1 litre of water acted injuriously 
ontench. Kammerer experimented with gasometer water, and found that small quantities 


were toxic to fish.* 
Paper Factories. —The caustic soda boilings of the materials used in paper-making absorb 


oxygen rapidly, and are very prone to undergo putrelactive changes. Further, any chemi- 
cals from such works exercise their own specific influence. 


Flax Retting.—The water used for this purpose becomes intensely putrid and emits a very 
foul odour. Fausto Sestini found per litre of retting water :— 





Organic Acids calculated 
Soluble Matters. | Nitrogen in the same. as Butyric Acid. 
grams. grams. grams. 
6:140 0-663 0-044 














Serious destruction of fish occurs frequently when this water is turned into streams. 


Common Salt.—Fresh water fish can tolerate water of considerable salinity ; thus genuine 
fresh-water fish are found in the Baltic near Rugen, such as perch and zander.t 


The influence of the salts of sea water on fresh-water fish has been studied by Varigny 
and Paul Berth t while Bert also made some highly important and interesting experiments 
on the acclimatisation of various fresh water species to salt water. 


He very gradually added sea water to fresh water,in which where fish, tadpoles, fresh 
water crustacea and confervoid growths, and succeeded in getting them into a condition 
of half acclimatisation, 7.¢., they lived in the mixture, but others soon perished when placed 
in it without the acclimatisation process. Crustacea reached a condition of complete 
acclimatisation in a gradually made mixture of one-half fresh and one-half sea water. 
These were killed when returned to the fresh water medium. 


Bert made the further highly interesting observation that if the mixture of fresh and 
salt water was made rapidly (two of the former to one of the latter), 7,¢., in a few days 
Daphnia died, but their ova survived, and developed. Here then an acclimatisation, not 
of the individual but of the species, occurred. The only differences to be remarked in this 
race compared with their parents being their size, and also that they died in fresh 
water. Infusoria (Paramecia, Coltpoda, Vorticella) Diatomacee and Conferva 
tolerated a much salter mixture than fish and crustacea. In general, a salt 
content of water corresponding with a mixture of two parts fresh to seven parts of sea water 
kills fresh-water fish, but they can be acclimatised easily to a mixture of equal parts of 
the two, or a slight excess of sea water over that amount, but acclimatisation above this 
is very difficult. The rate at which the salinity can be raised during the acclimatisation 
process is about 0:1 grams salt per day. 


The rapidly fatal effect produced ona fresh-water fish when suddenly placed in sea- 
water, or vice versa when a marine species is placed in fresh water, is no doubt due to 
osmotic phenomena. This is indeed proved by the loss in weight which the fish 
experiences in the first case, and gain in weight in the second.§ 


Certain fish—eels for example—are protected from this osmotic effect by a coating 
of mucus, and as a consequence can tolerate a sudden change in the salinity of the 
water. Should, however, this mucus be accidentally removed, say, by handling, 
immediately before the change, the fish succumbs. 


We conclude this section by giving a table showing the effects of certain chemical sub- 
stances on fish. 





* Dinglers Polytec. Journ., 1875, p. 88. 
+ Konig die Verunreinigung der Gewasser. 
~ Compt. Rend. 97. 55, and 131... 


§ A frog when plunged into sea-water loses a fifth of its weight. It can be killed by simply immersing 
one of its legs in sea-water. 
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EFFECTS OF CERTAIN CHEMICAL SUBSTANCES ON FISH. 

















. . Quantity 
Substance. in Grams Effects on Fish. Authority. 
per Litre. 
Alum - . - - 0-100 Harmiul to trout after a short time. Konig and Haselhoff- 
= : . - - 1-000 Not harmful to tench after 16 to 18 
hours. 
Ammonium sulphocyanide 0-100 No action on trout after 1 hour. Weigelt. 
Arsenious anhydride - 0-100 Not poisonous to tench in 17 hours, or 2 
to trout in 2 hours at 8-9°C. 
“ a - 0:0272 Tench and carp not visibly affected | Konig and Haselhoff. 
during 3 days. 
Bleaching powder -~— - 0°005 Causes death of tench at 6.14°C. 
Fs. : 0°008 Kills salmon and trout at 6-14°C. 
Calcium chloride - 6°0-7°0 Limit of safety for fish. Konig and Haselhoff- 
” 29 5 , 0 2? 29 2? Weigelt. 
” of 2°40 Toxic for fish. Richtet. 
= sulphide 0°016-0°039 | Fish sicken but they recover in fresh | Grandeau. 
' water. With larger amounts fish die. 
Chrome alum - : - 0*230 Gold fish affected at 15°C. Konig and Haselhoff- 
»” ” 0°200 | Without action on a large trout. Weigelt. 
Copper sulphate - . 1°0 Brings a trout on its side in 2 minutes| _,, 
at 75°C. 
$s 0 : O'l Brings a trout on its side in 7 minutes me 
at 7.5° C. 
a < - - 0°010 Fatal to fish. Penny and Adams.. 
be i" - Z 0°010 Causes death after long exposure with:| Konig. 
clogging of the gills by a slimy de- 
posit. 
Ferric chloride - - 1°0 Decided action on trout. Tench not 
so susceptible. 
é, v - - 0°125 Acts as a poison on fish after 24 hours. } 
Ferrous sulphate -~— - 0°050 Not permanently dangerous to trout. | Weigelt. 
* a! - - | 0°025-0°015 | The limits for fish. Konig and Haselhoff- 
Hydrochloric acid - - 0-100 Decided action on trout. Tench not 
so susceptible. 
Lime - - - - 0°140 Fatal to fish. Penny and Adams.. 
eee - - - - | 0°150-0°070 | Caused death in 13-16 minutes. Weigelt. 
* - - - - 0°030 Caused sickening. xe 
He ae es f= 0-020 Dangerous to fish. K6nig. 
Magnesium chloride - : 6°0-7°0 Limits of safety for fish. Konig and Haselhoff- 
- Cees) 1°5 Toxic to fish after 24 hours. Richtet. 
Manganese vs? - 1-000 Decided action on trout, tench not 
so susceptible. 
= as - 0-300 Acts as a poison on fish after 24 hours. 
Mercurie ee - 0°05-0°10 | Kills trout and tench in 29 minutes, | K6nig and Haselhoff. 
Phenol - - - - 0°05-0°01 | The limits for tench. » > > 
5 ee | 005-001 bes echt trout. MON 
i a 0°014 Fatal to fish (a nerve poison). Penny and Adams. 
Picricacid - - - 0°050 Carp killed immediately. Konig and Haselhoff- 
ae - - 0-020 No action on carp after 10 days. 
Potassium Cyanide - - | 0°005-0°010 | Nearly kills trout and tench, but the | ,, ri bes 
fish recover after the resistance 
period is reached if they are placed | Weigelt. 
in fresh water. 
[ Chromate - 0° 200 Did not harm trout after 1 hour. Konig and Haselhoff- 
” ferrocyanide 7 1-000 ” ” 22 29 » 
Sodium arseniate - - 0°05-0°10 | Limit of safety for fish. Weigelt. 
2 sulphide - - 1°00 Resistance period for tench, 9 hours 3 
45 minutes at 8°C. 
x6 . sUbOre s 0°10 Resistance period for tench, 1 hour : 
20 minutes at 20°C. 
i 4 . 0°050 Resistance period, for tench, 2 hours . 
26 minutes at 20°C. 
carbonate - - 5°0-10°0 Resistance period for trout, 3 hours - 
at 6-12°C, 
rs ” Se 2-4 Tench and carp not affected in 4 days | Kénig. 
at 9-15°C. 
‘i 4 : - 0°05-0°10 | A large trout died in 9 hours, A tench 
not affected in 14 hours at 6-12°C. 
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“Alum (potash) - . 


‘Copper sulphate” - 


-Ferrous sulphate + 


tHydrochloric acid 
Sodium carbonate 


Sulphuric acid - 





EFFECTS OF CERTAIN 
- 0-100 


- | 0*100 
° 0°100 


: 1-000 
: 2-000 





0°500 








| Only 40°38 
| 51:5 per cent. fructified in pure water. 


Quantity 
Substance. in Grams Effects on Fish. 
per litre,” “| 
Sodium chloride - 24:0 Poisonous amount for fish. 
- TU: Kills tench in 5 hours at 50 P,C.. 
: : ‘ 6:0-20°0 | Does not affect trout and tench in 21 
. hours. 
: 5°876 | Carp found in a healthy condition in 
| water containing this amount. 
m - 13°332 No damage to a carp 100 grams in 
_ | weight in 6 days 
i s - 15°184 'A carp 150 grams in weight died in 
| 40 hours. 

:Sulphurous anhydride - 0°0005 | A large trout lay on its side in 3 minutes. 
‘Sulphuric acid - “ 0° 100 | Limit for trout, 2-6 hours. 

E. my - - | 0°035-0°050 Limit for carp and tench. 

- 8s - 0:020 | Fatal to fish. 
‘Tannin - - - - 10-000 | [njurious to fish. 

a : - - 0-100 Did not act injuriously on trout or 

tench, 
‘Zine sulphate - = - 0-140 Poisonous to fish after 24 hours. 
5 our Re : 00084 ee 
- - 0-110 


The limit for a tench of 70 grams weight. 


CHEMICAL SUBSTANCES ON FISH Ova. 


Only 9 per cent. fructified while 51°5 
per cent. fructified in pure water. 


| Only 9 per cent. fructified while 51°5 


per cent. fructified in pure water. 
per cent. fructified, while 


Damages ova. 

99 per cent. dead in.one day, 

100 per cent. fructified after 30 days’. 
contact. 

Onn 2 per cent. fend 





EFFECTS OF CERTAIN CHEMICAL SUBSTANCES ON FISH—cont. 


Authority. 





Richtet. 

Grandeau. 

Weigelt. 

Konig. 

Konig and Haselhoff. 


32 33 


Weigelt. 

Konig. 

Penny and Adams. 
Weigelt. 


22 


Raiimur. 
Richtet. 
Konig and Haselhoff. 


Weigelt. 


Nitsche Tharaud, 
3 a3 


Weigelt. 


KE. A. L. 
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SECTION 6. 


METHODS EMPLOYED IN FIELD WORK. 
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METHODS. 
(1) DETERMINATION OF DISSOLVED OXYGEN. 


Volumetric Process for Determining Dissolved Oxygen. 


For all the “field work ”’ described in this Report we have employed the volumetric 
process originally devised by one of us in association with another chemist and described 
in the Proceedings of the Royal Dublin Society.* The method has been tested by us 
again and again by a comparison of the results with those obtained from the same samples 
of water by boiling out the dissolved gases 7m vacuo and submitting them to gasometric 
analysis, and under all ordinary conditions the method has been found to be very accurate. 


Under exceptional circumstances, however, it ceases to give accurate results. 


A full account of the process has been already submitted to the Commission with the 
tests of its accuracy, etc., but as this is a separate Report we think that an account should 
be given of the working details of the method. 


The a ale of absorbing the dissolved oxygen in a water by ferrous sulphate and 
an alkali with subsequent determination of the unoxidised ferrous salt in the acidulated 
mixture by standard permanganate is an old one, and was first employed, we believe, 


by Mohr. 


The method as carried out according to his directions is, however, open to several sources 
of error, of which, as we have proved, the use of permanganate as oxidising agent may, 
in certain cases, be one of the most serious. It also has the disadvantage of requiring the 
use of an inactive gas during part of the process. 


While making use of the principle of this method to the extent that the dissolved oxygen 
in a water is absorbed by a ferrous salt plus an alkali (7.e., by ferrous hydrate), and the 
excess of ferrous salt determined subsequently in the acidulated mixture by titration 
with an oxidising agent, we have sought to eliminate the various sources of error incidental 
to Mohr’s process, and to avoid the use of an inactive gas during any part of the opera- 
tions. 


The whole process is simple, and one which a person of ordinary intelligence, but without 
any special chemical training, can be early taught to perform. Stated briefly, it consists 
in adding a definite quantity of ferrous sulphate solution to a measured volume of the 
’ water under examination, and then excess of ammonia in a vessel which becomes entirely 
filled with the mixture and is eventually closed previous to mixing the three during the 
period necessary for the absorption of the dissolved oxygen. Sulphuric acid is then added 
in excess in such a way that no air can gain admission during the operation, after which 
the mixture is transferred to an open vessel, and there titrated either with standard per- 
manganate or bichromate, according to the class of water under examination. 


In order to eliminate the possible error due to easily oxidisable substances which may 
be present in the water, a blank experiment is made in an open vessel, in which the same 
volumes of the water, the ferrous sulphate solution and sulphuric acid are placed, and the 
titration performed with the same standard solution of oxidising agent. The details 
of the method are as follow :— 


Standard Solutions. 


(1) Ferrous Sulphate.—123 grams of the pure crystallised salt are weighed out on a 
rough balance, transferred to a 250 c.c. flask, dissolved in distilled water, 2-3 c.c. of pure 


* Letts and Blake. Proceedings Roy. Dublin Soc., Vol. IX. (N.S.), Part IV., No. 33. 
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sulphuric acid added, and the mixture diluted with distilled water until it occupies 250 
c.c. Theoretically 12-444 grammes of the ferrous salt are required for a solution each 
cubic centimetre of which is equivalent to 1 cubic centimetre of oxygen at N.T.P., but 
nothing is gained by preparing a solution of exactly this strength.* 


(2) Standard Permanganate.—The most convenient solution is of such strength that 
1 cubic centimetre is equivalent to 1 cubic centimetre of oxygen at N.T.P.; and such a 
solution is obtained by dissolving 5°638 grammes of the pure crystallised potassium 
salt in 1 litre of distilled water.T 


For the estimation of the dissolved oxygen in distilled water itself, or in ordinary (fresh) 
water, a solution of one-tenth this strength may be used ; but for all practical purposes 
the stronger solution will be found to give sufficiently accurate results, especially if a narrow 
burette of 10 ¢.c. capacity is employed. The stronger solution keeps well (in the dark), 
but the weaker one should be prepared freshly from the former for each series of experi- 
ments. 


(3) Standard Bichromate, of a strength corresponding with that of the permanganate, 
may be employed instead of the latter; and in the case of sewage effluents and in that 
of sea water is undoubtedly to be preferred. Of course, in using bichromate, potassium 
ferricyanide must be employed as indicator; and as the ferrous sulphate solution is highly 
diluted by the water under examination, the strong bichromate can alone be employed 
with advantage. This is prepared by dissolving 8°7906 grammes of the pure crystallised 
potassium salt in 1 litre of distilled water, each cubic centimetre of such a solution corre- 
sponding with 1 cubic centimetr2 cf oxygen at N.T.P. 


(4) Sulphuric Acid.—A mixture of equal volumes of the strong acid and water is em- 
ployed. But we have also used a mixture of 3 volumes of the strong acid and 1 volume 
of water. 


Absorbing Vessel.t—The vessel in which the water under examination is mixed with 
the ferrous sulphate and ammonia, and in which, too, the mixture is afterwards acidu- 
lated with sulphuric acid, was in our first experiments an ordinary separating vessel of 
the shape and capacity shown in the diagram (Fig. 1). The exact dimensions, however, 
are of no consequence, provided that the vessel holds about 4 litre of water and that the 
tube forming its lower extremity is wide enough to contain the quantity of sulphuric acid 
required to acidulate the ammoniacal mixture before titration. 





* The solution keeps fairly well, but unless a series of determinations is made with it at short intervals, it is. 
advisable to re-standardise it on each occasion when it is used. The following figures will give an idea of the 
rate at which it becomes oxidised when kept in a stoppered bottle :— 


When made 5 c.c. required 5:06 standard bichromate. 
After 5 days _,, ¥ 5°01 * ” 
A d a a 33 ll 9 3° 9° 4°92 9 3° 
_t A decinormal solution of the perm nganate (3-164 grammes per litre) is also of a suitable strength for the 
titrations, 1 c.c. of this solution corresponding with 0°56 o.c. of oxygen at N.T.P. 

t As an ordinary separating funnel is Somewhat unwieldy for. the purpose of these determinations, owing - 
to the length of the tube, Messrs. Baird and Tatlock, of London, have constructed for us a special form of 
apparatus shown in the diagram (Fig. 3), which is very handy and convenient, and contains exactly 4 litre.. 


The same firm also supplies the whole of the necessary apparatus and reagents for the determinations, packed 
in a box of portable form. 
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The Process.—The separating vessel is filled to the brim with the water under examina- 
tion, and for this purpose we have always employed a glass syphon tube, one limb of which 
is dipped almost to the bottom of a Winchester quart bottle (filled originally to the brim 
and then stoppered) containing the sample of water, while the other and longer limb is 


connected with a piece of india-rubber tube clamped with a pinch-cock. 


A little of the water is first drawn off and the separating vessel rinsed with it. The end 
of the rubber tube is then passed to the bottom of the separating vessel, the pinch-cock 
opened, and the water allowed to flow in until the vessel is not only full, but a fair quantity 
has overflowed. In this way the possibility: of error owing to absorption of atmospheric 
oxygen by the upper layer of the water as it flows into the wide part of the vesselis avoided. 


The stopper is now inserted, and the excess of water drained off. The stopper is next 
removed, and about 7 c.c. of the water taken out by a pipette and thrown away. Five c.c. 
of the ferrous sulphate solution are then carefully measured off in an accurately graduated 
pipette and allowed to flow into the separating vessel, the nozzle of the pipette being just 
dipped below the surface of the water, when the ferrous sulphate, owing to its higher den- 
sity, flows in a stream to the bottom of the water. Strong ammonia solution is then cau- 
tiously poured on to the top layer of the water until the vessel is just full, when the stopper 
is inserted ; but even if a drop or two of the ammonia is lost when inserting the stopper 
no harm is done, as the ammonia floats on the surface and does not appreciably mix with 
the contents of the vessel. A little dexterity is necessary in inserting the stopper so that 
no air bubble is enclosed. Within the separating vessel there is now a layer of ferrous 
sulphate below, next the water, and above all the ammonia. These are mixed together 
by inverting the vessel once or twice by a swinging motion, when a greenish turbid mix- 
ture results, containing ferrous hydrate partly in solution and partly in suspension, which 
rapidly darkens as it absorbs the dissolved oxygen. In all our first experiments an interval 
of fifteen minutes was allowed for the purpose. Experience has shown it to be sufficient, 
but it is possible that a shorter period would suffice.* The next operation consists in 
inverting the vessel, still stoppered, and then filling or nearly filling its tube or lower ex- 
tremity (now, however, its upper extremity) with the mixture of sulphuric acid and water 
(Fig. 2). The stop-cock is then opened, when the acid flows downwards into the alkaline 
mixture, and in the course of a few minutes dissolves the iron hydrates to a clear solution.t 


Should an air-bubble remain in the boring of the stop-cock it prevents this flow, but 
a few taps cause it to be displaced and to rise through the acid. 


The presence of this air bubble can be avoided by opening the stop-cock for a moment 
when the absorbing vessel is being filled with the water sample. The acidulated solution 
is finally run off into a porcelain dish, and titrated either with the permanganate or bichro- 
mate solution.t 





* More recent experiments have shown that a period of five minutes is sufficient, as the following results 
show :— 

Dissolved oxygen in Belfast water supply (T.=7°3) found after the ferrous hydrate had acted for :— 
5 minutes. | 10 minutes. 15 minutes. 
; 8°34 8°37 8°37 c.c. per litre. 

+ In some of the test experiments with distilled water saturated with air this did not occur until the mixture 
was heated. But with all samples of natural waters, sewage effluents, etc., no heating was necessary. 

t A somewhat lengthy experience of the process when bichromate is used has satisfied us that. when very 
accurate results are desired attention should be paid to the following details :—(1) A clear crystal of potassium 
ferricyanide, or fragments of such crystal, about the size of a shot (say 4-inch in diameter), is placed on a smail 
beaker, and washed two or three times with distilled water. It is then dissolved in about 10 c.c. of the same 
liquid. Some of this (straw-coloured) solution is drawn into a pipette with a fine capillary end, and a series 
of minute drops are placed by its means on slab of milk glass. (A white tile is not so satisfactory, as it 1s 
liable to become stained after some time.) (2) In titrating, as large a drop as can be carried on a glass rod 
from the dish is jerked into one of the minute drops of the ferricyanide without touching the latter with the 
rod itself. The “end reaction” is shown by there being no visible difference in colour after an interval of 
two minutes between the drops thus made and a similar one formed of distilled water and the ferricyanide, 
The end reaction is very sharp, and with a little experience is determined by less than 0°03 c.c. of the bi- 
chromate solution (about 1 drop from a 10 c.c. burette). (3) Strong sunlight disturbs the end reaction in the 
case of polluted waters (probably by the well-known reducing effect of ight on a ferric salt in presence of 
organic matter). ‘This can be easily demonstrated by placing on the white glass slab two similar drops of the 
ferricyanide and the titrated mixture when the end reaction has just occurred—shading one (say with a pill- 
box lid) and exposing the slab to sunlight for a few minutes, when the unshaded drop becomes blue, while the 
shaded drop remains faintly yellow. This action is especially noticeable with polluted sea-water. The titration 
can be performed by artificial light—preferably incandescent electric light, the end reaction being very sharp. 
(4) As only 5 c.c. of the standard bichromate are required at maximum for each titration or standardisation, 
a burette of this capacity and divided into twentieths of a cubic centimetre might be advantageous for very 
accurate work. 
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It remains to determine the value of the ferrous sulphate solution ; and in our experi- 
ments this was always done under similar conditions to those obtaining in the dissolved 
oxygen determination itself, that is to say, the measuring vessel was filled with the water 
under examination, 7 c.c. removed, and the remainder poured into a porcelain dish, where 
it was mixed with the same volume of sulphuric acid * and the same volume of ferrous 
sulphate solution as were employed in the dissolved oxygen determination, and the 
mixture then titrated. In this way the error arising from oxidisable substances in the 
water is eliminated even when their amount is considerable. 


In practice it was found convenient to standardise the iron solution during the interval 
required for the absorption of the dissolved oxygen, and consequently, as a preliminary 
to the latter process, to first of all fill the separating vessel with the water under examina- 
tion and to transfer the latter (after removing 7 ¢.c.) to a porcelain dish ready for the 
addition of the sulphuric acid and ferrous sulphate. 7 


Calculating the Results —With the stronger solution of either the permanganate or 
bichromate, it is obvious that the amount of dissolved oxygen contained in the volume 
of water operated on is expressed in cubic centimetres at N.T.P. by the difference between 
the burette readings for the blank experiment and those of the actual determination—with 
a correction for the dissolved oxygen contained in the 5 c.c. of the ferrous sulphate solution 
and the 2 c.c. of ammonia. Such a correction is, however, small, and in all the authors’ 
experiments, the assumption was made that the 7 c.c. of mixed reagents contained the 
same proportion of dissolved oxygen as the water under examination.} 


Cases in which the method unless modified ceases to gwe accurate results.—Nitrites in a 
water exercise a very distinct disturbing effect, and from the test experiments such an 
effect is produced when the quantity of nitrite corresponds with about 0:1 part per 100,000 
of nitrous nitrogen. On the other hand, when the amount is one-tenth as much, no per- 
ceptible error is introduced. 


Nitrates alone in a water, even in considerable quantities, scarcely if at all affect the 
determination. But in the case of sewage effluents containing a high proportion of nitrates 
which have been kept for some time in closed vessels, serious discrepancies have been ob- 
served between the result of the volumetric and gasometric methods of analysis, although 
quite concordant results were obtained by the two methods with such samples at the 
time of their collection. 


The following modification of the process in such cases has led to a correction which 
is sufficient for all practical purposes : — 


A solution of acid permanganate (freshly prepared before each series of determinations, 
as it does not keep well) is made by mixing three volumes of the permanganate solution 
used for the dissolved oxygen determinations (1 c.c.=1 ¢.c. of oxygen at N.T.P.), with 
one volume of the diluted sulphuric acid (equal volumes of water and the concentrated 
acid). ‘Two c.c. of this mixture are then added from a“pipette to the effluent contained in 
the measuring vessel used in the volumetric method (after removing 2 c.c. of the water). 
The stopper of this vessel is then inserted, and its contents mixed with a swinging motion, 
after which they are allowed to remain for ten minutes; 7 c.c. are then removed, the 
ferrous sulphate and ammonia added, and the process carried out in the usual manner. 





* This should always be added before the ferrous sulphate, otherwise ferrous carbonate may be precipitated 
and absorb dissolved oxygen. 

+ Thus, in one of the determinations, the difference between the burette readings for the blank and dissolved 
oxygen determinations was 2°35 c.c. Assuming that the 7 c.c. of reagent added contained the same amount 
of dissolved oxygen as the water under examination, then the latter contained per litre— 





2350 
339°5 7067 ¢.c. dissolved oxygen, per litre, at N.T.P. 
Whereas assuming that the 7 c.c. of reagents contained no oxygen, the figures become— 
2350 





305-5 7 7°219 c.c, dissolved oxygen, per litre, at N.T.P. 


The difference is 0°152 c.c. per litre, which, for most practical purposes, is unimportant, and the actual error 
would certainly be much less, The error, so far as the ferrous sulphate solution is concerned, could be elimin- 
ated by saturating it with air at the given temperature previous to a determination, and making the deduction, 
while that from the small volume of ammonia added is too insignificant to need correction. 
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The blank experiment is conducted in precisely the same way, with the difference that 
alter removing 7 c.c. of the permanganated liquid and adding the ferrous sulphate, sul- 
phuric acid is added instead of ammonia, and the mixture at once run off into a dish and 
titrated. 


(2) COLLECTION AND EXAMINATION OF DREDGINGS. 


An examination of the materials composing the superficial layers of the bed of a given 
sheet of water furnishes in many cases evidence of the extent to which pollution of the 
water has been occurring more or less continuously for a considerable period, or the 
absence of such pollution, whereas an examination of the water itself, unless conducted 
systematically and for some time, quite possibly only affords information regarding 
transient pollution. 


The solid matters depositing from polluted water contain, it need scarcely be said, a large 
quantity of organic matter, and this latter may be detected in several ways in a given 
sample of sand, mud or silt. 


(1) If the organic matter is relatively large the sample is black when collected 
has a foul smell, and is often infested with small red worms. 


(2) If moderate, the sample is not black when collected, but becomes so when 
kept in a moist condition for a few days. 


(3) If minute, no visible change occurs in the sample when kept for a pro- 
longed period in a moist state. 


Further, on heating a sample of polluted mud, sand, etc., charring occurs, and if the 
organic matter is present in relatively large amount, visible vapours are emitted of 
characteristic odour. Also the loss in weight which a given sample experiences when 
ignited is to some extent an index of the amount of organic matter which it contains. 


Lastly, the proportion of nitrogen present in the sample is a measure, and perhaps the 
most reliable one, of the extent more especially of sewage pollution. As we believe 
that very valuable information can be gleaned from an examination of the bed of a stream 
or sheet of water, as regards pollution, and as we are not aware that the subject has re- 
ceived much attention, we think it may be of service to give a brief account of the methods 
we have employed for collecting and examining samples of dredgings. 


Collecting the sample.—For this purpose we have used a small dredge consisting of a 
rectangular welded frame of bar iron, about 1 in. broad and + in. thick below (where the 
bag or “poke” is attached), but beaten out fairly sharp above, so as to form an edge 
which “ bites’ when towed along the bottom. The dimensions of this frame are 4$ by 
7 in. 


The. bag or “ poke ” is made of coarse canvas and is about 1 foot long. _It is sewn on to 
the frame with twine passed through the holes made in the former for the purpose. The 
tow line is attached to and is best worked from a rowing boat going ata very gentle pace, 
or drifting merely, if the current is strong. A few minutes towing suffices as a rule to fill 
the dredge, if the bottom is soft. 


Examination. 


A. Changes on Keeping.—lf the sample is light coloured, small tubes are completely 
filled with it in the moist condition, corked and set aside. In the samples hitherto 
examined, blackening has occurred in all cases where the percentage of nitrogen (on the 
dried sample) has amounted to 0°02 and upwards. As this figure probably corresponds 
with something like half a per cent. of sewage sludge, the test would seem to be a fairly 
sensitive one. 


. B. Loss on Ignition.—The sample is dried in a water or air bath, until friable, and 

then disintegrated by gentle pressure—sufficient to break up cakes of dried mud, etc., 
but insufficient to pulverize any harder particles, such as pebbles, shells, or coal fragments, 
and finally sifted through wire gauze. 


Two grams of the siftings are then roughly weighed out, transferred to an accurately 
weighed porcelain crucible, and the latter then heated for an hour at 110° to drive off any 
traces of moisture. A weighing of the crucible when cold is then made to obtain the exact 
weight of the dry sample. 
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The crucible is next heated, gently at first,* and observations made as to whether char- 
ring occurs with or without the evolution of visible vapour, the odour of the latter if pro- 
duced, etc. The temperature is then raised to a dull red heat, and the heating continued 


for two hours. 


As most samples of dredgings contain calcium carbonate, it 1s advisable, before weighing 
the ignited sample, to treat it with ammonium carbonate, to reconvert any lime produced 
by the ignition into the carbonate. For that purpose 2 c.c. of a saturated solution of the 
salt are added to the contents of the crucible, and the latter heated (very gently at first) 
on a water bath, until its contents are dry. Finally it is heated for a minute or so to dull 


redness, then cooled and weighed. 


[The loss which a given sample thus experiences when ignited affords no doubt some 
indication of the amount of organic matter which it contains, but we regard it as a rough 
test merely. Very probably a considerable loss on ignition, coupled with a low proportion 
of nitrogen, indicates vegetable organic matter; while a similar loss on ignition, coupled 
with a high proportion of nitrogen, probably points to sewage solids. But the number 
of determinations of the kind which we have as yet made with dredgings scarcely warrant 
us in framing anything like definite rules on these points. | | 


C. Nitrogen.—One gram of the sample, roughly dried and pulverized as already described, 
is placed in a weighing tube, and the latter heated for an hour or so at 110° C. to drive 
off traces of moisture, eooled and weighed. 


The contents of the tube are next shaken into a small Kjeldahl flask ; 4 ¢.c. of pure 
sulphuric acid added, together with 0-5 gram potassium sulphate. The flask is then heated 
over a ring burner and its contents kept in fairly vigorous ebullition at first; but later, — 
as bumping usually occurs, the flame is lowered, so that while acid volatilizes no actual 
ebullition occurs. It is advisable to slope the flask during the heating process to as 
obtuse an angle as possible. As a rule about three hours is necessary for this part of 
the process, 2.e,, until the liquid is colourless, indicating complete oxidation of the organic 
matter. The contents of the flask, when cold, are next shaken with successive quan- 
tities of ammonia-free distilled water (200 c.c. in all), the liquid in each case being de- 
canted from the sand into a distilling flask of about 300 c.c. capacity. Finally, excess of 
a strong solution of (ammonia-free) caustic potash is added, the alkaline mixture dis- 
tilled, and 100 e.c. collected. 


Portions of the distillate (1-25 c.c., according to the amount of nitrogen in the sample) 
are then Nesslerized in the usual way.t 


In order to calculate the probable percentage of sewage sludge present in the dredging 
from the percentage of nitrogen found by the above method, it was necessary to deter- 
mine the nitrogen in sewage sludge itself. Accordingly a number of samples of that 
material were dried, pulverized, sifted and their nitrogen contents determined as de- 
scribed above, using, however, less of the sample (about one-tenth). The average of nitro- 
gen thus foundt on the dried sample amounted to 2:7 per cent. But unpolluted sand or 
mud contains a certain amount of nitrogen (due to animal and vegetable débris), for which 
allowance should be made, and this amount we have taken as being 0-013 per cent. (in 
the dried sample), the lowest quantity found by us in the purest samples of dredgings 
or exposed sand which we have examined. 


The figures for the “ probable percentage of sewage slucge” given in our tables of 
results have therefore been calculated by the formula :— 


perch tage Sopareentin aaa ae 
2°7 


HK. A. L. 


— 





i Certain samples, and more especially such as consist mainly of sand, must be heated cautiously at first, 
with the lid of the crucible on, as the particles are apt to fly. | 

7 As the purest sulphuric acid of commerce usually contains appreciable quantities of ammonia, a blank 
experiment must be made, and best with the same quantities of sulphuric acid, potassium sulphate, water and 
caustic potash solution as employed in the above process, the quantity of ammonia found in 100 ¢.c, of the 
distillate being deducted from that found in the actual determination. Our blank experiments thus conducted 
have shown a total of about “8 milligrams of ammonia. : 

{ The amount no doubt varies considerably in different localities, but in order to render our results com- 
parable with each other in different localities we have in all cases adopted the figure 2-7. 


227 


SECTION 7a. 


EXAMINATION OF 
SELECTED LOCALITIES WHERE THE TIDAL WATERS ARE POLLUTED. 


BELFAST. 
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BELFAST, 


' Belfast is situated on the Lagan river, a stream which is locked about a couple of 
miles above the centre of the city, and is there used as acanal. The amount of fresh water 
descending the river is at ordinary times inconsiderable. The mouth of the Lagan is now 
formed by two artificial embankments, called the ‘‘ Twin Islands,’ which extend for some 
half mile into what was formerly Belfast Lough, but which has now to some extent been 
reclaimed in its highest reaches. 


The tidal region of the river from its mouth to the first lock is about four miles in 
length, of which the first two consist of a dredged channel used by shipping. 


The population of Belfast was, at the last census (1901), nearly 350,000, and is now 
nearly 400,000; the city has grown very rapidly, as the following figures show : — 


Census. Population. 
1821 - - - - - : - - : - - 37,000 
1831 a a ee a ot ORT 
1841 - - - - - - : - - . 70,447 
1851 eee, SOS UTI RESP RKS by oTAsty) honey +o gs ngs 
1861 ee tt bali ee Portail botivir SATs hobitagy gg 
1871 et anid vial sal amieas coat yecatsits Ivy ROT ATO 
188] NR ie Seer a Beh on sah hity ons lh 1g 08122 
1891 er ek es CE OR 
1901 . - - - - - . : - : : - 349,180 
1907 (estim>ted) - - - - . - - - - - - 3°70 163~— 384 293 


The chief industries are linen, and shipbuilding, but distilling is also an important trade. 
as well as the manufacture of aerated waters. 


With the possible exception of distilling, it is improbable that the local industries 
affect the nature of the sewage of the city to any appreciable extent, as the crude treat- 
ment of the flax fibre is done in the country districts, which treatment, so far as the linen 
trade is concerned, is alone likely to affect the sewage. The shipbuilding industry gives 
rise to no trade effluents, and the quantity of the latter from the aerated water factories is 
in all probability not only:small, but also of a nature not likely to have any distinct in- 
fluence on the sewage. 


Regarding the question of sewage disposal formerly (as was, at that time, the general 
practice nearly everywhere under similar conditions), the sewage of the town was dis- 
charged into the river—through a number of out-falls—with the usual result in the case of 
a relatively small river and a rapidly increasing population, viz., that the former became 
exceedingly foul, its bed becoming coat«d with black offensive mud and its waters turbid, 
while the stench at low-tide and in warm weather was most offensive. But as far as we 
have been able to ascertain, some fifty or sixty years ago Belfast Lough was quite un- 
affected ; its waters were clean and clear, and bathing was freely indulged in quite close to 
the city. Moreover, the vegetation in the upper reaches of the Lough then consisted 
chiefly of the Zostera marina or sea grass, and green seaweeds of the Ulva or Enteromorpha 
species were practically absent. 


But with the progress of time, and as the population of the city increased, changes 
occurred in the nature of this vegetation. The Zostera gradually gave place to Ulva 
latissima, and different species of Hnteromorpha, both of which latter began to occasion a 
nuisance when they were washed ashore and putrefied in warm weather. This 
nuisance, at first no doubt slight, became increasingly extensive and acute, and eventually 
became so serious as to demand public action. 


In the year 1890 a Local Government Board Inquiry was held under the Public 
Health Act (Ireland), 1878 with reference to an application by the Belfast Board of 
Guardians, acting as the Rural Sanitary Authority of the Belfast Rural Sanitary District 
for a provisional order to form a united district for the purpose of abating the nuisance, 
caused (it was then stated) partly by sewage and partly by seaweed, on the foreshore 
situated between Connswater, immediately adjoining the City of Belfast, and Cultra Pier 
in the County of Down—this nuisance being injurious to health. At this inquiry it was 
stated that the nuisance had been patent for twenty years, and that ten years previously 
proceedings were taken on the part of the Board of Guardians against persons who they 
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thought responsible, to compel them to abate it at that time. This went before the Court 
of Summary Jurisdiction, who gave a verdict for the Guardians; but that was appealed 
against, and as the result of a long legal discussion the order was reversed. From that 
down to 1889 nothing really practical was done for the abatement of the nuisance. Proceed- 
ings were then instituted against the owner of the land adjoining the foreshore for the 
purpose-of compelling him to abate what was admittedly a nuisance, and this eventuated 
practically in nothing, because the magistrates thought they had power under the’ Public 
Health: Act (116th sec.) to direct the Guardians themselves to abate the nuisance, but 
as they found they had not the power to do that, the defendant’s name as owner of the 
property being known in Court, the case was dismissed. As it was known to be a nuis- 
ance which was more or less contributed to by the City of Belfast through its sewage, 
and by the town of Holywood by its sewage, it was thought reasonable and fair that what 
was necessary to remove this nuisance should be done in some degree by each body, 
the Board of Guardians joining with these other two. 3 


The result of this inquiry was that a Provisional Order of the Local Government Board 
for Ireland was issued and confirmed by Act of Parliament (53 & 54 Vict. Ch. xci.) whereby 
a united district was formed for the purpose of abating the nuisance between Connswater 
and Cultra Pier, consisting of the Urban Sanitary District and part of the Rural Sanitary 
District, but at the expressed desire of the city authorities the city itself was not included 
in this united district. The united district was controlled by a governing body consisting 
of ex officio and elected members representing the different authorities concerned. 


The expenses of the Joint Board were provided for as follows: the Corporation of the © 
City of Belfast to contribute for three years one half of the cost incurred in removing the 
offensive deposits and abating the nuisance, provided that the total amount to be thus 
contributed should not exceed £300, the balance to be defrayed out of a common fund to 
be contributed by the component districts. a r 


In the year 1889 a new main drainage system was commenced in Belfast consisting 
of two main trunk: sewers through the city. and two pumping-stations, together with a 
large underground reservoir for storing the sewage previous to discharging it (on the ebb 
tide only) through.a.submarine timber “shoot” which extends for about a mile into the 
Lough. 


As it was anticipated that this new drainage system would either completely prevent 
the nuisance or materially abate it, the Provisional ‘Order above referred to: was made 
operative for three years only, to enable the new drainage system to be completed, and 
to come into operation. At the end of that time the Joint District and the Jomt Board 
passed out of existence. ¢ | 


The effects of the new drainage system soon become manifest in two totally opposite 
directions. On the one hand, the condition of the river rapidly improved, the foul mud 
banks soon got cleaner and the water clearer, and at the present time the river is quite 
clean and no nuisance ever arises from it, even in the hottest weather. But, on the other 
hand, and quite contrary, apparently, to the opinion of those responsible for the scheme, 
the state of the Lough rapidly became worse. Increasing quantities of green seaweeds — 
made their appearance each year and were washed ashore, forming deposits often several 
feet thick * and these deposits were found much further down the Lough than formerly, 
and extend at present on the south side nearly three miles seawards of Cultra, which place, 
as already stated, was fixed as the limit of the nuisance in 1890. 


The nuisance occurring during the summer months from the putrefaction of these 
masses of green seaweed soon became intolerable, the stench extending over a wide 
area and occasioning not only great discomfort to. the inhabitants of the district, but also 
causing, In many cases, nausea, headache and sore throat. . White paint on boats, houses, 
flagstafis, etc., at times turned black in a single night, and silver plate tarnished so 
rapidly that it could scarcely be kept bright. Indeed, occasionally, the nuisance was so 
acute and the evolution of sulphuretted hydrogen so extensive, that paper moistened with 
acetate of lead solution held near one of the seaweed deposits, turned black in a few minutes. 





* At the time of writing this, a deposit. fully three feet in thickness and absolutely putrid is being removed 
from the shore at Holywood. [Nov. 1905.] 
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Fresh remedial measures were obviously imperative, and as by this time it had been 
clearly demonstrated that the nuisance was caused by seaweed and seaweed only, and 
not directly by sewage matters entangled in them,* and further, that the growth of these 
particular seaweeds is encouraged, or rather depends upon, sewage pollution of the water, 
it seemed clear that the main drainage scheme was largely responsible for the trouble, 
and, therefore, the city. 


»>» As a consequence the inhabitants of the districts where the nuisance was most acute 
approached ‘the city authorities on the subject, and eventually in 1899 the latter under- 
took by Act of Parliament to purify the sewage of Belfast before discharging it into the 
Lough, the necessary works and appliances to be provided within three years from the 
passing ofthe Act : while both thesystem of treatment and the method of putting the same 
into:operation adopted by the corporation were to be subject to the approval of the Local 
Government Board (Ireland). ; 


Meantime the nuisance not only continued, but, if anything, became even more 
aggravated, while for several reasons the city authorities found it impossible to fulfil 
their obligation to complete the scheme of sewage purification within the specified time. 
Two of the chief reasons for this ought to be mentioned. In the first place, it was open 
to serious question whether the ordinary methods of sewage purification would necessarily 
lead to the extermination of the green seaweeds which were the essence of the trouble. 
The problem was, in fact, quite a new one in the history of sewage purification, and if, 
on the one hand, the ratepayers’ money was not to be wasted, and, on the other, the 
Local Government Board were to give their sanction to the scheme, the whole subject 
ought to be submitted to scientific investigation. 


The second reason was even more cogent, namely, that the land available for the 
purification works was quite too small for the purpose, and could only be enlarged to the 
necessary size by an extensive reclamation of. slobland—a work necessarily involving con- 
siderable expenditure of time. 


Another Local Government Board inquiry was held in January, 1904, with reference 
to an application made by the Rural District Council, praying for a Provisional Order to 
again constitute a united district for the purpose of abating the nuisance. This applica- 
tion was to a certain extent opposed by the city authorities, but eventually the petition 
was withdrawn and a compromise arrived at whereby the city agreed to contribute for 
one year, two-thirds of the ascertained cost of cleansing of the foreshore—excluding the 
Holywood foreshore—which remained in charge of the Urban District Council. The 
two-thirds to be contributed by the city not to exceed £250. é 


The actual outlay for the purpose during the year amounted to £430, but it was found 
that this expenditure was quite inadequate for removing the nuisance, though the latter 
was undoubtedly ameliorated to some extent. Very large quantities of the decaying sea- 
weed, however, remained uncollected after all the available funds had been expended’ and 
it became obvious that the cost of the removal had been altogether underestimated — As 
a consequence, the chief responsible sanitary authority (now the Castlereagh Rural Dis- 
trict Council) once more approached the Local Government Board, with a petition to 
again form a united district, and for a Provisional Order for the purpose, this time under 
Section 12 ¢ of the Public Health Act (Ireland) 1878 ; the united district to include Belfast 
‘itself in addition to the two other sanitary districts involved, namely, Castlereagh and 
Holywood. 











* See Section 3, pp. 141-168. 

7 This’ was done, the work being entrusted to one of us as chemist, in association with: Professor Lorrain 
Smith as bacteriologist. Two Reports have been presented to the Corporation dealing with the chemical 
investigations made and one on the bacteriological investigations. The work is now. approaching its conclu- 
sion and we hope to issue the final Report shortly (sze Section 4, pp. 171-194.) 

t The section is as follows :— 

“Where it appears to the Lezsl Government Board on the application of the sanitary authorities any 
sanitary districts, or of any of such authorities and after due inquiry, that it would be for the advantage of 
such sanitary districts, or of any of them or of any parts thereof, or of any contributory places in any rural 
sanitary district or districts, that they should be formed into a United District for all or any of the pur- 
poses following, that is to say (1) The procuring of a common supply of water ; or (2) ‘The making of a main 
sewer or carrying into effect a system of sewage for these or all such districts or contributory places ; or (3) 
For any other purpose of this Act, the Local Government Board may by Provisional Order form such district 
or contributory places into a United District.” And the succeeding portions of the section deal with the 
methods by which the costs, charges and expenses incurred are to be defrayed. 
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The Local Government Board Inquiry regarding this petition was held in Belfast on 
the 14th, 15th, and 16th of December, 1904, under the Board’s chief engineering inspector, 
Mr. P. C. Cowan, and Dr. Edgar Flynn, medical inspector, and went very thoroughly into 
the whole question of the nuisance: its origin, sources, and the probable annual cost of 
removing the seaweed. As a result of the inquiry a Provisional Order was made by which 
the proposed united district was formed, together with a joint board to deal with it, com- 
posed of representatives from all three districts. The maximum expenditure for any one 
year was limited to £2,000 of which the Belfast contribution was to amount to 85 per 
cent. or £1,700, while the remaining 15 per cent. or £300 was to be equally distributed 
between the two other districts, namely, Castlereagh and Holywood. 


But at the expiration of five years from the passing of the Act confirming the order, 
power was reserved to the Local Government Board to vary to such extent as may appear 
equitable, the amounts to be respectively contributed by the component authorities. 
The order was opposed by the city authorities, but eventually received the Royal assent 
on August 4th, 1905.* 


* * * * 


Passing now from the history of the nuisance in Belfast Lough and of the action which 
has been taken from time to time by the responsible sanitary authorities to abate it, we 
come next to the investigations which one of us has made on the present condition both of 
the waters of the Lough and also ofits bed. But before describing these it appears to be 
advisable to give a few topographical particulars of that sheet of water. 


The Lough is horn-shaped, the point of the horn corresponding with the mouth of the 
river, and the broad extremity with the opening of the Lough into the Irish Channel. 


The southern or county Down shore is situated on the inner side of the curve, and the 
northern or county Antrim shore on its outer side ; the general trend of the curve from the 
mouth of the Lagan to the Irish Channel being roughly north-east. | 


The distance from the mouth of the river to Black Head (the northern extremity of 
the Lough) is about thirteen miles as the crow flies, and from the same spot to Orlock Point 
(the southern extremity), much the same distance. 


At the mouth of the river (or end of the Twin Islands) the Lough is about two-and-a- 
half miles wide. At Grey Point (situated about seven miles from the mouth of the river) 
somewhat under three-and-a-half miles, after which it broadens out rapidly, the distance 
between Orlock Point and Black Head being about seven miles. 


The upper reaches of the Lough are very shallow, and extensive mud and sandbanks 
are uncovered at low water, which reach almost from shore to shore near the city, and 
ee for fully four miles down each side seawards, though gradually diminishing in 
width. 


Regarding the tides, the main body of the outer (or Irish Channel) stream (both ebb 
and flood) crosses the mouth of the Lough in a curve from the Copeland Islands to Black 
Head (or vice versa), and near the islands gains a strength of five knots ; this curve bends — 
more and more until it stretches from White Head to Grey Point, where it divides ; one part 
of the flood running up towards the city, the other bending back and running towards 
Orlock. The stream in the Lough itself rarely exceeds a knot in strength} and in the 
upper reaches is certainly much less, but neither the strength nor direction of the current 
from Grey Point to the city appear on the Admiralty charts. We shall allude to the ques- 


tion of these currents later, as it has a very important bearing on that of the discharge of 
sewage from the city. 





me if Edw. 7] Local Government Board (Ireland) [Ch, CXXIII.] Provisional Orders Confirmation (No. 2) 
et 1905. 


+ Sailing directions for St. George’s or Irish Channel. 
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SURVEY OF THE UPPER REACHES OF BELFAST LOUGH IN RELATION TO 
THE STRENGTH AND DIRECTION OF THE TIDES, CHEMICAL EX AMINA- 
TION OF THE WATER AND BED, AND CORRESPONDING BACTERIO- 
LOGICAL EXAMINATION. 


Originally a chemical examination of the waters of the Lough at different places 
and at different states of the tide was alone contemplated, but very fortunately, owing 
to causes which need not be specified here, the inquiry became more extended, and even- 
tually embraced a series of float experiments, conducted by Mr. Cutler, the City Surveyor 
of Belfast, and Mr. Napier, who is in charge of the sewage works of the city generally, in 
relation to the strength and direction of the tides in the upper reaches of the Lough, with 
simultaneous collection of samples of water and of dredgings for chemical examination 
by one of us, and for bacteriological examination by Dr. Carnwath, who very kindly volun- 
teered todo the work. The float observations were made as a rule from a steam yacht, 
samples of water and dredgings being collected as nearly as possible at the same time. The 
temperature of the water was also taken, and, as'a rule, a determination of the dissolved 
oxygen (by the volumetric process, see p. 221) was made in addition. 


The localities from which the samples of water and dredgings were collected in each 
series, and the movements of the floats when the latter were employed are given in a set 
of charts of Belfast Lough, while the results of the chemical and bacteriological examina- 
tions of the water and dredgings are given in a corresponding set of tables. 


The first chart is on a smaller scale than the others and shows the general features of 
the Lough from the open sea to the city, and also the general distribution of the ulva 
latissima which is indicated by green dots. 


A word may here be said regarding the figures which appear in the tables giving 
the ratio of free to albuminoid ammonia. 


The actual amount of free ammonia in Belfast sewage is probably on an average 
about 24 parts per 100,000, while that of the albuminoid ammonia is somewhat less than 
half that quantity, and the ratio of the two may perhaps be taken as 1: 0°4.* 


The actual amount of free ammonia in pure sea water is very small, and from our 
own work on the water of the Irish Channel, we are inclined to fix the amount at not more 
than 0°001 parts per 100,000. The amount of albuminoid ammonia is quite distinctly 
higher, no doubt owing to the presence of minute organisms, and it may amount to 
0°005-0°006. Here then the ratio between the two figures (1:5 or 1: 6) is very different 
from the sewage ratio. 


It is generally held that a high proportion of free, in relation to albuminoid ammonia 
in a given water sample indicates pollution from animal sources, and as a rule, from 
sewage, the converse pointing to vegetable pollution.t Hence, in ordinary waters the 
ratio of the two is considered to be of importance in deciding as to the nature of the impurity. 
But in Belfast Lough (and no doubt in other places of a similar kind), the problem is 
complicated by the remarkable rapidity with which the green seaweed ulva latissima 
absorbs free ammonia. Consequently a low proportion of free ammonia, coupled with a 
high proportion of albuminoid ammonia in a given sample of the Lough water, may 
indicate one or other of two things, namely, either that the sample contains vegetable 
pollution only (say from the rotting wlva itself), or that the free ammonia originally derived 
from sewage pollution has been removed by the living wlva. 


As the living ulva disengages oxygen rapidly, an excess of oxygen in a given water 
sample would indicate the latter effect. 





* The ratio in some other large towns is not very different, and would appear from the published analyses 
to vary between 1: 0-25 and 1: 0-44 (See p. 313.). 


+ While this is no doubt true in a great number of cases, it may be questioned whether it is so invariably, 
and it seems desirable that, when possible, determinations both of the organic nitrogen (by Kjddahl’s method) 
and of the albuminoid ammonia should be made until sufficient evidence is obtained of the relationships under 
different circumstances between the two. 
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SERIES 1. 


In this series the samples were collected on the ebb tide, and, as will be seen from the 
numbers, in the reverse order from that given in the table—that is to say, from about half 
way down the Lough to the entrance of the river. Unless otherwise stated all the samples 
examined both in this and in the other series were collected a few inches below the surface. 


Chemical Examination. 


Pollution.—The diminution of pollution as the city is left and the open sea approached 
is well brought out by the gradual falling off in the free ammonia, and it will also be noticed 
from the figures that whereas the ratio of free to albuminoid ammonia is, in the river, 
the sewage ratio, 7.¢., 1 : 0°4, it rapidly alters and eventually becomes 1: 1°4. 


The influence of the pollution in lowering the dissolved oxygen originally present 
is very apparent in No. 6, as also the loss in that factor when the sample was kept. In 
No. 5 there is still a slight deficiency in dissolved oxygen, but in the other samples the 
amount originally present is in the correct ratio to the nitrogen found, for the air saturation 
values ; but it should be noted that the figures agree with a higher temperature than that 
observed. Thusin No.3 the oxygen found was 5°83, the nitrogen 11°49, and the tempera- 
ture of the sample 11°1°C. Whereas the air saturation values at 15°C. for sea water are 
5°83 and 11°34 respectively, and at 11° C. 6°31 and 12°23. 


Temperature.—The temperature, it will be seen, varied from 10°4° C. in the river sample 
to 11°35 in the most seaward sample, and the rise in temperature as the sea was approached 
was fairly regular. Probably the water covering the shallow banks was cooled down during 
the night, or the banks themselves when exposed at low water were cooled down, and in 
their turn cooled the tidal water as it flooded them, whereas, owing to the effects of the 
Gulf Stream the true ocean water has at this time of the year a higher temperature. 


Salinity.—The salinity increased as might be expected as the river was left, and the 
open sea approached, and therefore on the whole increased with the temperature. No. 1 
appears to be anomalous in this respect, but this is quite possibly due to an observational 
error. 


Bacteriological Examination. 


No. 6. Both the chemical and bacteriological examinations agree in indicating distinct 
sewage pollution. The total number of organisms found both in gelatine and agar was 
high. B. Cola was present in large numbers and B. Enteritidis sporogenes and Streptococci 
were found. 


No. 5. The chemical examination showed slight pollution, probably due to sewage ; 
but the bacteriological examination gives scarcely any indication of this. The total 
number of organisms was small, and B. Colr, B. Enteritidis sporogenes, and Streptococci 
were not found. Gas forming organisms were, however, not quite absent. 


No. 4 was found by chemical examination to be distinctly purer than No. 5, and this 
in respect of the number of organisms found is confirmed by the bacteriological examina- 
tion. B. Coli was however present. 


No. 3. The chemical examination of this sample indicated that it was purer than the 
last. The bacteriological examination, however, showed that it contained three times 
as many organisms in gelatine medium. But on the other hand the number in the agar 


medium was less than in the last sample, and no organisms characteristic of sewage were 
found. 


No. 2 contained rather less free ammonia than No. 3, but rather more albuminoid 
ammonia. The results of the bacteriological examination are remarkable, as an extra- 
ordinary number of organisms were found both in the gelatine and agar media. But on 
the other hand no organisms characteristic of sewage were isolated . 


Tt will be noticed that throughout this series the number of organisms found in the 
agar cultures diminished continuously from No. 6 to No. 3, and in that respect correspond 
with the results of the chemical examination. But in other features there are slight 
discrepancies in the results of the two methods of examination. 
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SERIES 2. 


In this series two samples of the river water were collected on December 5th, while 
the day following samples were collected at the Lighthouse and along a line between it 
and Holywood, the object being to ascertain whether the sewers running into the Lough at 
Holywood, and from the military barracks situated about a mile nearer the city, had any 
appreciable effect on the waters of the Lough. 


Chemical Examination. 


Pollution.—The pollution is of course well marked in the river samples. But in the 
sample collected at the Albert Bridge (about two-and-a-half miles from the river’s mouth), 
the ratio of free to albuminoid ammonia is roughly 1: 1 which is not the sewage ratio. At 
the mouth of the river, however, the latter is approached. 


In the samples of December 6th, that collected near the Lighthouse is similar 
in character to the corresponding sample of the first series, and while fairly pure is not 
entirely free from pollution. No. 2 is similar in character, but No. 3 shows undoubted 
pollution, probably of a sewage origin, which increases in Nos. 4 and 5. 


Temperature.—This, as in Series 7, is higher towards the open sea than in the river or 
near land. 


Salinity.—In the sea water samples (December 6th) the salinity decreased as the land 
was approached. 


General Inference.—The water is distinctly polluted near the land, probably by sewage, 
and is comparatively pure near the Lighthouse. 
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SERIES 3. 


This was the first series made with the object of tracing the course of the sewage after 
its discharge from the “Shoot,” as the submarine culvert is called through which the sewage 
of the city passes from the pumping station into the Lough, and for this purpose floats 
were employed. These were started an hour after high water at the mouth of the shoot. 


On commencing the observations, the presence of sewage was clearly indicated by the 
floating matters in the water and alsd by a very distinct odour. A steady westerly breeze 
was blowing with occasional squalls ; the wind undoubtedly had an effect on the floats and 
probably after a time drove them beyond the sewage current. 


By an accident, the apparatus for determining dissolved oxygen in the samples at the 
time of collection was not brought. Hence the loss in dissolved oxygen on keeping the 
samples was not ascertained. 


(It will be seen that a period of three days elapsed in some cases between the time ° 
of collecting and the time of analysing the samples, while in others the period was four 


days). 
Chemical Examination. 


Pollution.—Nos. 1 and 2 are decidedly polluted, no doubt mainly with sewage, though 
the ratio of free to albuminoid ammonia is not quite the sewage ratio. It will be seen 
that the dissolved oxygen which remained after keeping the samples was small. The 
nitrogen found points to the presence originally of 5°83 cc. per litre of oxygen (the air 
saturation value for a temperature of 15°C.), whereas only 2°15 and 2°92 cc. per litre 
were found respectively in the two samples. 


Nos. 3, 4, 5 and 6 are on the whole similar in the analytical features. There is an 
abrupt diminution in the amount of free ammonia in these samples contrasted with that 
in Nos. 1 and 2 (about 4), and also a diminution—though not so great in the amount of 
albuminoid ammonia. Moreover, the ratio between these two factors also changes 
abruptly. 


Temperature.—This, on the whole, was fairly uniform, but there was a slight lowering 
corresponding with the diminished pollution. 


Salinity.—This distinctly increased with the diminution of pollution and the lowering 
of temperature, but afterwards remained fairly uniform. At this time of the year 
(summer) a relatively low temperature is probably associated with the stream of fresh 
sea water entering the Lough from the Irish Channel, and is consequently also associated 
with a relatively high salinity. 

General Inference from the Chemical Examination.—From results subsequently 
obtained, it seems probable that the floats were slightly in advance of the main sewage 


current, while from the abrupt change in the character of the samples after No. 2 it | 
seems likely that they were even driven into comparatively pure water. 


Bacteriological Examination. 


No. 1 is highly polluted as indicated by the total numbers of organisms (whether in 
gelatine or agar medium) and also by the numbers of B. Coli and streptococci. 


No? 2. is distinctly less polluted as indicated by the numbers of the organisms in 
the two media. The number of B. Coli also falls off, and probably that of the 
streptococci also. 

No. 3 appears to be still less polluted as indicated by all the factors, 


No. 4. A similar decrease. 


No. 5. The water now seems to be fairly free from organisms generally and quite 
free from those characteristic of sewage. 
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No. 6. Here a return of pollution appears as indicated both by the total number 
of organisms and by the reappearance of B. Cole. | 


Contrast of Chemical and Bactertological Examination. 


- The chemical examination shows that Nos. 1 and 2 are not very dissimilar, though 
in most of the analytical characteristics there is a slight difference in favour of No. 2. 
But bacteriologically there are wide differences as regards the total number of organisms 
coupled with some difference in the number of B. Cola and possibly of streptococci also. 


In the other samples a progressive improvement is shown bacteriologically up to 
No. 5. But chemically there is no such distinction. Bacteriologically No. 6 is worse 
than No. 5, but chemically there is no decided increase in pollution. ) 


On the whole, therefore, in this series there are very distinct discrepancies between 
the results of the two methods of examination. 
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SERIES 4. 


A set of four floats was started at the mouth of the shoot Sela the time of high 
water, but they showed very little drift during three hours. Meanwhile Nos. 1 and 2 
were collected at the mouth of the shoot. 


The movements of the seagulls appeared to indicate that the floats were in advance 
of the sewage, and it was therefore decided to pick up the floats and to restart them at 
half ebb at the mouth of the shoot. This was accordingly done and on the way back 
numbers of gulls and abundance of floating sewage débris were passed. No. 3 sample 
was collected practically at the period of half ebb, and when the floats were again set 
adrift at the mouth of the shoot. 


Samples 4, 5, and 6 were collected in the track of the floats then started. 


It was now past the time of high water, and as it had been decided to watch the 
movements of the floats during the night, and the men who were to do this were at Cultra, 
the yacht steamed to that place, where No. 7 was collected. After which, in order to 
get further information regarding the character of the water entering the Lough on the 
flood tide No. 8 was collected in the dredged channel. 


After this the floats were again located, and Nos. 9 and 10 collected in their track 


Chemical Examination. 


Pollution.—Nos. 1 and 2 are distinctly polluted, but it seems evident from the samples 
collected later that the main sewage flow had not reached the end of the shoot when these 
were taken. The ratio of free to albuminoid ammonia is, roughly, as 1: 2, indicating 
possibly that the water had been in contact with the ulva, and that free ammonia had been 
removed. 


No, 3, taken at about half ebb, shows from its analysis that probably at this time the 
main sewage flow had reached the end of the shoot. Nos. 4, 5, and 6 were evidently col- 
lected in the sewage current, although the ratio of free to albuminoid ammonia is, in the 
two first of these, not quite the sewage ratio. No. 4 is interesting as being more highly 
polluted than No. 3, although collected farther from the shoot. As the wind was easterly, 
and therefore against the tide, it is possible that the floats were thereby retarded, and that 
the greatest strength of sewage was a little behind them when they were started. It will 
be noticed that the albuminoid ammonia in No.4 is twice as great asin No, 3. In No..5 
the ratio of free to albuminoid ammonia is the same as in No. 4, but dilution was evidently 
occurring. In No. 6 a remarkable diminution in the albuminoid ammonia has occurred, 
while the free ammonia has scarcely decreased. The ratio between the two is now again 
practically the sewage ratio. In No. 9, taken from the neighbourhood of the floats, where 
the latter were next located, both the free and albuminoid ammonia have decreased con- 
siderably, but the ratio between them is still that of sewage. No. 10 is similar in character 
to No. 9. bia 


General conclusions with regard to the samples collected in the path of the floats.—-On the 
whole the analyses appear to show—if the amount of free ammonia be considered as the 
index to sewage pollution—that the mixture of sewage and water once having been made 
moves with the tide without any very rapid dilution occurring. The dilution in No. 3 
would correspond, roughly, with 7 of sewage and 23 of water, and the dilution in No. 10 
with 7 of sewage and 40 of water. 


The Cultra sample (No. 7) is interesting, as it was supersaturated with oxygen (7°13 
cc. per litre, even after keeping three days, instead of 6:0, which is the saturation value 
at the temperature at which the sample was collected). Moreover it contained less free 
ammonia than the next sample, collected in the channel. Both these results can be ex- 
plained by the action of the uwlva, which was present in abundance. On the other hand 
the albuminoid ammonia is distinctly higher in the Cultra sample than in that collected 
in the channel, which can also be explained by the action of the ulva, as it absorbs ammonia 
but does not absorb albuminoid matters from a polluted water, and a fair amount of sewage 
is thrown into the Lough at Cultra. 
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Temperature.—The extreme variations in temperature amount to 1:9°C., and here 
again the evidence seems to point: to an association of lower temperature in summer with 
pure water from the Irish Channel, and of higher temperaturewith the polluted water 
remaining in the Lough. | : 


The lowest temperature (12°6°) was found in the channel (No. 8) when the flood tide 
had been running for nearly two hours, while the highest: temperature (14°5°) was 
observed in the most polluted samples (Nos. 4 and 5). 


The fairly low temperature of the Cultra sample, probably indicated that a certain 
amount of pure sea water had reached that place as the flood tide had been streaming in 
for two hours, and the similar temperature observed near the shoot, where Nos. 1 and 2 
were collected may also be,explained by flood, water which had scarcely begun to move 
(as the floats indicated) two hours after the ebb had set in. 3 : 


Salinity.—On the whole the extent of salinity corresponds with relatively low tem- 
perature and therefore with pure sea water. 


Bacteriological Examination. 


Nos. 1 and 2. The results of both the chemical and bacteriological methods of ex- 
amination are in fair agreement. Both show that the samples were, on the whole, similar 
in character, and that in spite of the locality from which they were collected, they were 
not excessively polluted. ae | 


No. 3. Here again the results of both methods are in agreement, both showing an 
extensive increase in pollution. ; “ary 


No. 4. Both methods are also in harmony in showing a further increase in pollution: 


No. 5. Here the results of the two methods are different—the chemical showing a 
-decrease in pollution (practically in all the factors), while the bacteriological examination 
sbows an increase except in the number of organisms developing on the agar medium:’ | 


No. 6. Chemically a ‘distinct fallin albuminoid ammonia, while the free ammonia is 
not very different from No. 5. Bacteriologically an immense fall in the numbers of 
organisms and also a diminution in B. colt. 


Nos. 9 and 10. Both methods are in agreement indicating distinct pollution, but 
somewhat less than in No. 6, 


No. 7. This sample contained the lowest proportion of free ammonia in the series, 
and the other analytical figures indicate that it was fairly pure. The bacteriological 
examination supports this view. 


No. 8 contained more free ammonia but less albuminoid ammonia than the last 
sample, and a distinct though slight loss of oxygen on keeping. The bacteriological 
examination shows a greater number of organisms in gelatine medium, but rather fewer in 
agar. On the whole, then, the results of both methods of examination are in harmony. 
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SERIES 5. 


Several different objects were aimed at in this series. One of these was to ascertain 
to what extent the flow of the sewage current in the Lough would be modified by a neap 
as contrasted with a spring tide, another to trace the direction of the sewage current 
during the earlier and later hours of the ebb respectively, while a third was the examination 
of the bed of the Lough at those places where the water samples were collected. For 
the latter purpose a small dredge was employed which is described at p. 225, and which 
proved very serviceable. 


Two sets of floats were started from the shoot: the first about half an hour after 
high water (No. 7 set) and the second at half ebb (No. 2 set). Hach of these sets was 
attended by a rowing boat, while the steam yacht from which the samples were collected 
and the position of the floats determined, cruised as occasion demanded from one set 
of floats to the other. 


On this day the flow of sewage did not manifest itself at any time by a considerable 
amount of floating matters. The sea-gulls (so useful an index on such occasions) being 
chiefly busy between the pumping station and the mouth of the shoot, and on rowing 
to the spot where they had collected some floating excrement was visible, but not much.* 


A fairly fresh easterly breeze was blowing, which no doubt had some effect on the 
floats. 
Chemical Examinations. 


Water samples collected in the track of the first set of floats. The movement of this 
set of floats was so sluggish that no samples were collected in their track until the com- 
mencement of the 5th hour of the ebb, (No. 1A). Before this, however, a sample was 
collected at the mouth of the,shoot towards the end of the 3rd hour of the ebb (No. 1). 
No further attention could be given to the first set of floats until nearly low tide, when 
2A was collected. The two later samples, 3A and 4A, were taken respectively at about 
half flood and high tide. 


Pollution. No. 2A was fairly pure as indicated by the free ammonia, but contained 
a fair proportion of albuminoid ammonia. The ratio between the two is nearly that 
obtaining in pure sea water, though the actual quantities are about four times as high. 
This sample was distinctly supersaturated with oxygen when collected, and even after 
keeping for three days was still supersaturated, although a distinct loss of oxygen had 
occurred at the end of that time. We can suggest no other explanation for this supersatu- 
ration with oxygen than that already given in similar cases, namely, the action of ulva. 


3A. Shows a considerable increase in free ammonia without change in the amount 
of albuminoid ammonia, thus materially altering the ratio between the two. There was also 
a considerable diminution in dissolved oxygen. The pollution therefore had clearly 
increased. 


4A. From all the analytical factors extensive increase in pollution is indicated. 


Water Samples collected in the Track of the Second Set of Floats. 


Pollution. No.1, though not exactly belonging to this set of samples, is related to them. 
In it distinct pollution is indicated by the quantities of free and albuminoid ammonia, the 
low proportion of oxygen when collected, and the total disappearance of this on keeping. 


Nos, 3, 4 and 5 show a gradual diminution in free ammonia, and with the exception 
of the last a gradual decrease in albuminoid ammonia also. The ratio between these two 
is in all four samples either the sewage ratio or closely approximates it. The first three 
of these samples show a progressive increase in the amount of dissolved oxygen present at 
the time of collecting, but No. 5 shows a slight decrease in relation to No. 4. 


_ Temperature and Salinity. The variations in the temperature of the samples of this 
series were considerable, amounting to an extreme of 4°7°. But the correlations between 


* It ought to be mentioned that the shoot was out of repair and that at one or two places considerable 
leakages of sewage occurred. 
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temperature, pollution, and salinity are not so clearly defined in this as in some of the 
previous series. The samples collected in the track of the first set of floats show a progressive 
increase in temperature from 149 to 19+6. «. Unfortunately the first was not analysed, but. 
the second had nearly the lowest temperature of the whole series, and «t was undoubtedly: 
the purest and nearly the saltest. On the:other hand 4A: had the highest’ temperature, 
and in most of the analytical characteristics was the most mpures (0i0.) 9°) ft te 


In the case, however, of the samples collected in the track of the secend set of floats, 
in the first three there is a progressive rise in temperature and a diminution in impurity, 
while'the salinity increases. -In No. 5 there is\afall-bothin temperature and salinity, while 
the diminution in impurity continued.: sow ott E | ‘dae 


Bacteriological Examination. 


Water samples collected in the track of the first set of floats.—No..2a. Some pollution, 
but not extensive, indicated by the total numbers of organisms, and B. coli was present 
but not extensively. Chemically, this was the purest sample of the series and quite different 
in character from No. 3. Bacteriologically, however, the samples taken as a whole 
resembles the latter. 


3A. So far as the total numbers of organisms are concerned in both gelatine and agar 
media, this was the purest sample of the series but in other respects it was not so. Thus 
B. coli were abundant and streptococc: were also present. 


44, Contained a larger number of organisms than the preceding sample, but that 
number is not excessive. B. cola were, however, abundant and probably streptococci also. 
Chemically this sample was probably the most polluted of the series. 


Water samples collected in the track of the second set of floats.—No. 1. High pollution 
indicated by the total number of organisms, both in gelatine and agar media and also 
by the number of B. colt. Streptococci also possibly present. 





No, 2. A great reduction in the numbers of organisms when compared with No. 1 
(about 1-1 in the gelatine medium and about 3; in the agar medium). ¥B. coli and strep- 
tococci are, however, quite as numerous as in No. 1. é 


No. 3. Again a considerable reduction in the total numbers of organisms in both 
media, and also a considerable reduction in the number of B. cols. But streptococci were 
still present. 


No. 4. In Nos. I, 2 and 3 there are on the whole no violent discrepancies between the 
results of the bacteriological and chemical methods of examination, but in No. 4 there 
is such, as the total numbers of organisms in the two culture media increased to an enormous 
extent and the B. colt have also run up but not to a corresponding degree. Streptococer 
are, however, absent. 


No. 5 shows a remarkable diminution in the total numbers of organisms in both 
media, compared with the last sample, but B. coli has not diminished and_ streptococet 
were perhaps present. 
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SERIES 6. 


~ The main object of this series was to investigate both the water and bed of the Lough 
from shore to shore in its upper reaches, and had it been possible we should have collected 
all the water samples simultaneously so as to gain an idea of their relative condition at a 
given state of the tide. But as this was not feasible, the samples were collected as rapidly 
as possible from a steam yacht. It will be seen, however, from the table of results that 
this took about five hours to accomplish, so that tidal effects cannot be ignored in con- 
sidering the analysis. . 


For reasons which need not here be specified the samples were as far as possible 
collected at equal distances along an imaginary straight line stretching from Holywood 
on‘ the south side to Macedon Point, which is nearly opposite, on the north side. 


Chemical Examination. 


Pollution.—No. 1 sample is apparently distinctly but not highly polluted.. The ratio 
of free to albuminoid ammonia approximates the sewage ratio. 


‘-* No: 2. Less free ammonia, but a trifle more albuminoid ammonia :than in the last 
sample, leading to a very distinct change in the ratio: of the two. Also more dissolved 
oxygen in the sample when collected, but, on the other hand, more of this latter was lost 
on keeping than in the case of No. 1. 


No. 3. A slight but distinct increase in pollution. 


No. 4. Again an increase of pollution, but now of a much more decided: kind, in all 
the factors. The ratio between the free and albuminoid ammonia now becoming the 


sewage ratio. 


No. 5. The results point to a still further increase in pollution m all the factors. 


_ No. 6. The free ammonia is much less than in Nos. 3, 4, and 5, but the albuminoid 
ammonia is still high, and the loss in dissolved oxygen on keeping the sample was con- 
siderable. The sample is thus shown to be still distincly polluted. 


No. 7. This sample is in striking contrast to all the others. It was supersaturated 
with dissolved oxygen, and only traces of free ammonia were present. But, on the other 
hand, it contained a fair amount of albuminoid ammonia (not so very different from the 
samples distinctly polluted with sewage) and as a consequence the ratio between free and 
albuminoid ammonia is remarkable. 


An abundance of the wlva was growing close to the spot where this sample was collected, 
which possibly affords an explanation. 


No. 8. It should be noted that this sample was collected on the opposite side of the 
Lough as regards the last sample. It is chiefly of interest on account of the high propor- 
tion of dissolved oxygen it contained, it having been supersaturated not only when collected. 
but also after keeping 


Temperature.—The temperature in most of the samples was fairly constant, varying 
between 16°0 and 16°8°. Among these the samples with the highest temperatures (¢.e., 
No. 1, T=16°6, and No. 8, T=16-8) are those which were collected inshore. No doubt 
this was caused as already mentioned by the warming effect (on the water) of the sand- 
banks exposed to the sun at low tide. In support of this explanation it will be seen that 
the sample having the highest temperature was the latest to be collected (8.40 p.m.). 


One sample (No. 7) was characterised by a temperature (15°27°) distinctly lower than 
that of the others. This sample, as already stated, was entirely different in its chemical 
characters from all the others. 


Salinity. The salinity of all the samples, with the exception of the last referred to, 
showed only a slight variation (18°76 to 19:00 chlorine per 1,000). In No. 7, however, the 
salinity is distinctly higher (19°40), thus confirming the view that in summer a lower 
temperature is associated with the (relatively) cool stream of pure ocean water, and as a 
consequence with purity. 
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Bacteriological Examination. 


No. 1 does not contain a large number of organisms, but B. coli were present. On the 
whole the bacteriological examination agrees with the chemical in showing distinct but 
not high pollution. 


No. 2 shows distinctly less pollution than No. 1 so far as the total number of organisms 
are concerned, but B. coli were present to the the same extent. 


No. 3. In this sample there is a rise in the total numbers of organisms, but B. cola 
were present as before. The chemical examinations showed a slight but distinct increase 
in pollution. 


No. 4. Here there was practically no increase in the number of organisms, but on 
the other hand there was a very considerable increase in the number of B. col. 


No. 5. The results of the bacteriological examination of this sample are in harmony 
with those of the chemical, in showing a decided increase of pollution in all the analytical 
factors. B. enteritidis sporogenes was found for the only time in the series. 


No. 6. Shows a sudden drop in the number of B. coli; the decrease in the total 
number of organisms, however, is not very marked. Chemically the sample contained 
much less free ammonia than 3, 4 or 5. 


No. 7. The results of the bacteriological examination are in striking contrast with 
those of the chemical in two directions. There were more organisms in the gelatine medium 
than in the last sample, and a very decided rise in B. cola; but on the other hand there was 
a marked diminution in the number of organisms appearing in the agar medium. 


Chemically, this sample was remarkable for the minute quantity of free ammonia 
which it contained, and it was supersaturated with oxygen, but albuminoid ammonia 
was present in it in fair quantity.* 


No. 8. This sample contained relatively few organisms. Both in its bacteriological 
and chemical characteristics it resembled No. 2 on the whole, with the exception that, unlike 
that sample, it was supersaturated with oxygen. 


SERIES 5. 
Dredgings. 


It is obvious from the table of results that all the samples of the series were polluted 
with sewage sludge, and that in nearly all, the pollution was considerable. The figures 
indeed indicate that the bed of the Lough in its upper reaches in is a very foul condition 
and that this region functions at present as a settling bank for the sewage of Belfast. Is 
the results recorded in the table are compared with those for Dublin Harbour, the difference 
between the two sets of figures is very striking. The bed of Dublin Harbour is remarkably 
free from sewage solids even close to the Rathmines and Pembroke outfall, through which 
the sewage of a population of 60,000 passes in an untreated condition. This difference in 
the condition of the two localities can, we believe, be explained in one way only, namely, 
by the difference in the rapidity of the tidal currents with corresponding differences in scour. 
In the upper reaches of Belfast Lough as the Float observations indicate, the tides are 
remarkably sluggish, whereas in Dublin Harbour they are rapid. Consequently in 
Belfast Lough the sewage solids are deposited in the upper reaches, and probably never 
gain the open sea, whereas in Dublin Harbour the sewage solids from the Pembroke and 
Rathmines outfall are apparently either swept out to sea or are rapidly oxidized by the 
dissolved oxygen in the water streaming over them. 


A detailed criticism of the figures obtained in this series at Belfast appears to be 
unnecessary, but attention may be drawn to No. 1 sample, collected close to the ‘ shoot,”’ 
which was found to contain the least amount of sewage solids, although it might have 
been anticipated that it would have contained most. But here again we suggest that the 
explanation is to be found in the effects of scour, the scouring action in this case being 
caused by the shoot itself. The suspended matters are probably driven along the bed of 


the Lough by the sewage current and only come to rest when the latter dies out through 
friction with the surrounding water. 





* The difference in chemical and bacteriological characteristics can be explained by the action of ulva. 
| See pp. 278-9. 
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The condition of the bed of the Lough revealed by the analyses of this series of 
dredgings is important in relation to the growth of green seaweeds. For, as already 
stated, the latter derive the nitrogen of their tissues chiefly from ammonia in the water. 
Hence every effort is being made at Belfast to devise a scheme of sewage purification 
which shall, as far as possible, get rid of the ammonia and also avoid the production of 
nitrates, which likewise encourage the growth of the seaweeds. But ammonia is not only 
present in solution in sewage, but is also evolved from sewage sludge. Hence the very 
serious question arises: Will the wlva nuisance cease in the Lough when the sewage 
of Belfast and of those districts at present draining into it is adequately purified ? Will 
not the sewage solids on the bed of the Lough (representing, as they no doubt do, accumula- 
tions of several years) continue to give off ammonia and so lead to a prolongation of the 
ulva nuisance, until by natural processes the nitrogenous constituents of the silt are fully 
decomposed ? 


Special experiments on this point are described on p. 135, which, we are afraid, indicate 
that the answer to the latter part of this question must be in the affirmative. 


SERIES 6. 
Dredgings. 


Nos. 1 and 2 appear from the chemical analyses to be almost clean sand and to show 
that the effects of the discharge of the Holywood sewage on the bed of the Lough are 
practically nl. 


Nos. 3, 4, 5 and 6. Chemically Nos. 3 and 6 show the highest proportion of sewage 
solids. While bacteriologically No. 4 is by far the most polluted ; further in No. 6, though 
the B. colt and the B. enteritidis sporogenes remain unchanged there is a marked fall 
in the total number of Bacteria. 


No. 7. Here, too, the chemical and the bacteriological results fail to agree. Accor- 
ding to the former the sample is only slightly polluted while the latter seems to show 
that it is more polluted even than No. 3. 


No. 8 is similar to Nos. 1 and 2. 


The zone of pollution as indicated by the bed of the Lough along this section would 
thus appear to extend from the position corresponding with No. 3 to that corresponding 
with No. 6, whereas the sewage current as indicated by the condition of the water in this 
series does not appear to extend beyond 3 and 4. It must, however, be remembered 
that a single examination of the water from a given locality in a tidal area can only furnish 
information regarding its condition at the time of its collection, and that a sample taken 
an hour or two either earlier or later from the same spot may show a totally different 
character. On the other hand, the composition of the bed furnishes, to some extent, a 
record of the condition of the waters above it during a prolonged period. 


* *% * * * 


GENERAL CONCLUSIONS. 


The float experiments, the chemical examination both of the water and dredgings, 
as well as the bacteriological examination of the same samples, all agree in indicating an 
extensive zone of pollution in the Lough, which probably extends from close to the City 
to a distance of three or three and a half miles seawards. Our observations have not been 
sufficient to determine its exact width and more especially its extension (if any) on the 
south side of the dredged channel: but to the north of the latter its width would appear 
to be at least a mile and possibly more. 


On Plate 7 the results of all the different float observations and examinations of 
the water samples are given, the latter being represénted by a series of symbols, the exact 
significance of which is explained on the Plate itself. Here it will be sufficient to say that 
free or saline ammonia has been taken as the chemical index of sewage pollution, the 
symbol being a semicircle, while the quantity in a given sample is indicated by the extent 
of red shading within the symbol. On the other hand, when the sample contained but 
little free ammonia, the increasing purity is shown by the extent of blue shading. A 
similar idea 1s carried out as regards the results of the bacteriological examination, B. coli 
being taken as the index of sewage pollution, the symbol being a triangle, while the number 
of B. cola in a given sample is indicated by the extent of red shading within the symbol 
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orif this is small the increasing purity is represented by the extent of the blue shading. 
On the chart the two symbols are combined for a given sample, so that the results of both 
methods of examination are seen at a glance. 


This chart shows that on the whole the results of the two methods of examination are 
in harmony, and define with fair distinctness the area of gross pollution on the north side 
of the dredged channel. 

On Plate 8 the results of the examination of the dredgings are given, these being 


represented by a series of symbols similar to those employed for the water, but with a 
somewhat different significance—which is explained on the plate itself. 


TIDES IN THE UPPER REACHES OF BELFAST LOUGH. 


As already stated three sets of float experiments were made (corresponding with 
3, 4, and 5 series), the last of which, however, involved two separate sets of floats started 
at different times. ; 


The first two series of float experiments were made during spring tides, while the last 
was made during neaps. In the first series the wind was westerly, while in the others it 
was easterly. 


The results of the float experiments may be tabulated as follows : — 
































Distance Travelled by the Floats :— Average Speed per hour. 
Time 
Direotion| vape . Towards Belfast during 
Series. ee Floats | Seawards during the Ebb. healed: Ebb. Hood: 
ind. were 
Started. 
Hours. ‘Distance. Hours. Distance. Mio dele eee 
3 W. 3 Ebb 3 2°4 knots. 6 0-7 knot. 0°80 0°12 
4 E. 4 Ebb 3 (EScor 6 1*Siscaj 0:27 0:30 
A E. Nearl Nearly 6 OE TGktss 6 Pires 0°12 0°33 
H.W. 
5 
B E.. 4 Ebb 3 Obra g 6 Liles 0°17 0°25 








That the wind had an undoubted action on the floats is seen not only from their 
respective paths, but also from the distances they travelled according as the wind was 
with or against the tide. 


Thus in the first set (Series 3), the average speed of the floats on the ebb tide, when the 
wind was in the same direction as the current, was 0:8 knots per hour, but on the flood 
tide it was only 0°12. While in the other two series, when the wind was blowing in the 
opposite direction, the effect was reversed, the greater speed of the floats being on the 
flood tide and the lesser on the ebb. As an approximation, at all events, to the average 
speed of the tidal currents in the upper reaches of the Lough, we think that the mean 
rate of movement of the floats in all the different series may be taken. This it will be 
found amounts to 0°29 knots per hour on the ebb tide and 0°25 on the flood. 


In any case the tides are clearly very sluggish, and there can be no doubt that the 
sewage poured into the Lough on a given ebb does not reach even the lighthouse. While, 
during the succeeding flood, it is driven back again towards the city, thus leading to the 
formation of a permanently polluted zone. 


CARBONIC ANHYDRIDE PRESENT IN THE WATERS OF BELFAST LOUGH IN RELATION TO 
SEWAGE POLLUTION. 


As elsewhere stated (see pp. 99-101) the method employed for determining the 
dissolved gases, consisted in boiling them out from the water samples in vacuo alter, the 
addition of sulphuric acid, and then submitting them to the usual methods of gas analysis. 
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The carbonic anhydride thus found (and given in the tables of results) is therefore the 
total amount and includes both the free and combined gas. 


While the figures obtained by us in the case of the samples from Belfast Lough indicate 
that the total carbonic anhydride is to a considerable extent associated with salinity, 
decreasing as the latter increases, we are of the opinion that it is quite as dependent, if not 
more so on the extent of sewage pollution. 


A complication is, however, introduced into our results by the fact that before deter- 
mining the carbonic anhydride, the samples were often kept for three or four days, during 
which time the gas was no doubt produced in many cases. An approximate correction can, 
however, be made for this by deducting from the figures appearing in the tables of results, 
the volume of oxygen which disappeared on keeping the samples, as most of it is converted 
into carbonic anhydride which latter occupies the same volume as the oxygen it contains. 


In the following table we give the amounts of carbonic anhydride obtained in the 
different series of analysis both with and without this correction arranged in the order 
of magnitude of pollution as indicated by the free ammonia. 











Carbonic Anhydride c.c. per litre 
Number at N.T.P. Nitrogen as :— Guicans 


Series. in ith. oa ee By ee ies Eee Donia 
Series. (parts per 100,000). (parts per 1,000). 


(without correction.)| (with correction.) 























1 5 4A 57°60 5518. 0-1320 18°59 
2 4 3 53-09 1 0-0990 18°54 
3 5 1 5352 50-44 0-0860 18-40 
4 5 4 50-85 48°75 0-0690 18-88 
5 4 10 B1-74 50-21 0-0580 18°69 
6 1 6 54-11 53°64 0-0560 17-70 
7 6 5 60°66 48°75 00527 18-80 
8 3 1 50:87 0-0330 18-56 
9 6 1 47-71 47-42 0-0296 18°80 
10 9 OA 51:28 51-28 0-0263 16-02 
a 6 3 "47-55 46-99 0-0198 18-90 
12 9 3 48:38 48°38 0-0148 18-89 
13 9 1 47-67 47°67 0-0090 19-20 
14 2 9 47-88 47-88 0-0085 19-20 
15 1 3 47°69 47°69 _0:0080 19-24 
16 1 1 47-03 46-99 0-0050 19:29 
17 4 8 45°64 45°12 0-0046 19-29 
18 3 3 46°17 ‘ 0-0041 18-96 
19 3 6 46-06 ’ 0-0041 19-16 
20 5 OA 45:73 44-93 0-0040 19-00 
21 4 7 43:36 43-36 0-0033 19-20 
29 6 7 44-70 44-49 0-016: 19-40 
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It will be seen that the sample containing the least carbonic anhydride (No. 21) was 
nearly the saltest, and also nearly the least polluted. But the sample containing the most 
carbonic anhydride (No. 1), though by no means the least saline, was the most highly 


polluted. 


The least saline sample (No. 10) contained a considerable quantity of carbonic 
anhydride, but in its case also the pollution was quite decided. 


Moreover several of the samples having almost identical salinity figures contained 
very different amounts of carbonic anhydride, e.g. Nos. 1 and 8, also Nos. 13 and 21. In 
these, and in several of the other examples given, it will be found that the higher 
proportion of carbonic anhydride is associated with the greater pollution. 


It may not be safe to draw any very exact inferences as to the amount of carbonic 
anhydride alone as an index of sewage pollution ; but it would appear from the figures in 
the table that when the quantity reaches 48 c.c. per litre (at N.T.P.) or thereabouts, pol- 
lution is probably indicated, and that when it amounts to 50 c.c. the indication is decided. 
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APPENDIX. 


By T. Carnwatu, Esa., M.B. 


BACTERIOLOGICAL METHODS. 


Collection of Samples.—(1) Of water: These were taken from the large bottle 
in which the samples for the chemical examination were collected, the samples for 
both purposes being drawn from the common stock and syphoned off into smaller 
vessels, which for the bacteriological examination consisted of sterile glass-stoppered 
bottles of about 200 cc. capacity. 


They were examined as soon after collection as possible. Never more than 12 hours 
were allowed to elapse between the time of collection and the time of examination. 


(2) Of mud or silt: These were taken from the same dredgings as the samples used 
for chemical analysis. 


Dilutions were made in the ordinary way with sterile tap water.* 


Total Number of Bacteria.—Quantitative estimations were made of the total number 
of bacteria capable of developing in nutrient gelatine at 22°C. (24 to 3 days), and also 
of those bacteria capable of developing in nutrient agar at 37°C. (36 hours). The pro- 
portion of the latter to the former is always very high (1 : 2 or 3) in crude sewage T whereas 
in pure water it is relatively low (1 : 20-50). : 


In order to make the figures as comparable as possible the same dilution was used 
for both the agar and the gelatine counts right through each given series. The method 
has one obvious disadvantage, in that, in some cases, the number of colonies on one plate 
may be so great that only an approximately accurate estimate can be formed. On the 
other hand, however, it obviates to some extent what we may call the “ accidents” of 
dilution, and in a series of examinations like the above, where comparative numbers are 
of more value than absolute, it enables one to form, on the whole, I think, a more just 
conception of the relation of one sample to another. 


“ Gas-formers ”’ Bacillus coli, Streptococci. —For the quantitative estimation of these 
organisms the American method, as practised by Prescott and Baker,t was adopted. 


Fermentation tubes containing 2 per cent. glucose broth were inoculated with definite 
' quantities of the sample to be examined and incubated for 16 to 20 hours at 37°C. At the 
end of this time the number of tubes showing gas-formation (= number of “ gas-formers ’’) 
was noted. Where the gas-production was very slight —merely a bubble or two —or did 
not become evident until the second day after inoculation a note of interrogation is placed. 


To isolate the “ gas-former ” which almost invariably, especially in the case of the 
water samples, proved to be a member of the Bacillus coli group —a loopful of the broth 
was diluted and subcultured on the surface of gelatine plates, from which, after a suitable 
period of incubation at 22° C., Coli-like colonies were selected and further tested. The 
fermentation tubes were now replaced in the incubator. At the end of a second period of 
16 to 20 hours the broth was again examined — this time for streptococci—in hanging drop. 
In many cases the organisms were isolated by means of litmus-lactose-agar. Where a 
streptococcus was actually isolated a positive markis placed. Asimple note of interroga- 
tion indicates’ that streptococci (?) were seen in the hanging drop, but that either no attempt 
was made to isolate them or that the attempt failed. 











* See Report on Some of the Chief Methods used in the Bacteriological Examination of Sewage and 
Effluents by l'r. A. C. Houston, presented with the Second Report of the Royal Commission on Sewage 
Disposal, 1902, Cd. 1178. [Page 137.] 

+ Houston, “ Bacterial Treatment of Crude Sewage,” 3rd Report to London County C>uncil. 

t Journal of Infectious Diseases I., p. 193. 
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The following tests were employed for the identification of bacillus coli — 


Morphology, motile and Gram negative. 


Characteristic growth on gelatine with absence of liquefaction. 


1 

2 

3. Gas production in glucose broth (24 hours at 37° C.). 

4. Clot and acid-formation in milk cultures (5 days at 37° C.). 
5 


Production of indol in peptone water (5 days at 37° C.). 


Asa control to the glucose broth method of isolating bacillus col, phenol (° 05 per cent.) 
peptone water cultures were also made. Experience proved, however, that this precau- 
tion was only necessary when examining mud samples.’ And even here it may be possible 
to dispense with it by incubating the glucose broth at a comparatively high temperature, 
as it has been shown that practically all strains of B. cola are capable of fermenting glucose 
even at a temperature of 46° C.* 


Bacillus enteritidis sporogenes (Klein).— Whole milk tubes were used for this test. 
They were heated to boiling point immediately before use, then cooled, inoculated, heated 
again to 80° C. and kept at that temperature for ten minutes. They were then incubated 
for 36 hours at 37° C. withoutt taking any special anaerobic precautions. 


RELATIVE VALUE OF THE DIFFERENT TESTS EMPLOYED. 


1. Total Number of Bacteria. 


a. On Gelatine (22°C ). An unusual increase in the total number of bacteria 
in a water, may occasionally be due to other causes than contamination bysewage. 
The test cannot, therefore be considered a specific one. Where, however, 
the cause is obvious the “ total number of bacteria ”’ will give a valuable indica- 
tion of the degree of the pollution. This is borne out by an examination of the 
foregoing tables where there is, as a rule, a rough correspondence between the 
gelatine count and the results furnished by the chemical analyses and by the 
B. coli test. ja 


r b. On Agar (37°C.). The same remarks may be applied to the agar count, with 
the addition that this test is somewhat more specific. A marked increase in 
the number of blood-heat organisms is always suggestive of pollution of animal 
origin. 


aes 
H 


Variations in the proportion of the agar to the gelatine count were determined, but 
‘the results were too discordant to be of value or to allow of any definite conclusions being 
drawn. : 


2. Gas-forming Microbes.—The number of these corresponds, in the main, with the 
number of B. coli. Occasionally a slight difference appears. (cf. Series I, No. 5.) 


The test is a simple and valuable one and gives results which compare very favourably 
with those obtained by the employment of Dr. Houston’s test.{, The latter has theoreti- 
cally the merit of including those bacteria which refuse to grow (and therefore, to form 
gas at blood heat, but in sewage and sewage polluted waters, the number of such gas- 
forming bacteria must be comparatively small. 


3. B. coli.—This is, par excellence, the most reliable and the most specific test of sewage 
‘contamination. A scrutiny of the foregoing tables will show the remarkable consistency 
with which the B. coli results accord with the chemical. In only a very few cases is there 
any marked discrepancy between the two methods of examination. 





* C. Eykman—* Die Garungs probe bei 46° C. als Hiilfsmittel bei der Trinkwasser Untersuchung.” 
Centrb. f. Bakt. 1, Abt. Bd. 37, p. 742. 

+ McWeeney, Report to Local Government Board for Ireland 1904; also Boyce, Griinbaum McConkey 
and Hill. This Com. Rep. No. 2, p. 102. 
t See Report on Some of the Chief Methods used in the Bacteriological Examination of Sewage and 
Effluents by Dr. A. C. Houston, presented with the Second Repot of the Royal Commission on Sewage 
Disposal, 1902, Cd. 1178. [Page 146.] 
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4, Bacillus enteritidis sporogenes.—When it is taken into considerat on that the 
Belfast sewage which contains, on an average, about 100 spores of B. enteritidis sporogenes 
per cc., undergoes in the lough a dilution varying from 1:10 in the neighbourhood of the 
“shoot” to about 1: 1,000,000 in the neighbourhood of the lighthouse, it will be ev dent 
why so few positive results were obtained with the dilutions employed. The only excep- 
tion is Series II. where the results are probably to be explained by the fact that on the 
day on which the samples were collected it was very stormy and the water was as a con- 
sequence, more turbid than usual. 


The test, as a test, is easy to apply, and is particularly useful in the examination 
of dredgings. 


5. Streptococct.—The precise value of this test is still sub judice. That the strep- 
tococcus, however, cannot well be regarded as a very delicate organism and, therefore, 
as an index of recent sewage contamination,* may be inferred from the fact that in mixtures of 
sewage and seawater (1: 100) it survives for a very long time. I have actually isolated 
from such a mixture a typical streptococcus longus at the end of 127 days—long after 
B. colt could be detected. 


* Houston, “ Bacterial Treatment of Crude Sewage,” 3rd Report to London County Council. 
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SECTION 7s. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL 
WATERS ARE POLLUTED. 
THE ESTUARY OF THE RIVER LIFFEY (DUBLIN). 
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THE ESTUARY OF THE RIVER LIFFEY. 


TOPOGRAPHY. 


Dublin is situated on the Liffey at the head of a bay 6 miles deep and 54 miles 
wide. Large quantities of sand, brought in by the sea, have accumulated in the bay, 
forming extensive strands, which are laid dry at’ low water for a distance of about 24 
miles seaward. The position of Dublin and of these strands will be under- 
he from the accOnt aa ane map, waich is reproduced from the Ordnance Map of 
Ireland. : 


A plan of the estuary of the Liffey and a series of sections, taken through the deep 
water channel, are shown by Fig. 1. It was originally prepared by W. Kaye-Parry, M.A., 
M.Inst.C.E., and it is here reproduced, by the kind permission of the Council of the 
Institution of Civil Engineers, from a communication by him and by one of the authors 
(Adeney), entitled, “ The Discharge of Sewage into a Tidal Estuary,” and published n 
the proceedings of that body, Vol. 147, Part 1, 1902. 


It will be seen from the plan that the estuary waters are confined’ by two 
walls, the South Wall, on the south side, and the North Wall, on the north-east. The 
latter is about 9,400 feet in length; of this, about 6,000 feet, from its commencement 
at the Dollymount shore, is constructed to a height of 6 or 7 feet above high water, 
the remaining 3,400 feet being carried up to half tide level only. To quote from a paper 
communicated by Mr. John Purser Griffith to the Institution of Civil Engineers on “ The 
Improvement of the Bar of Dublin Harbour by Artificial Scour,’’* it is necessary to have 
a general knowledge of the currents in the bay, fully to appreciate the value of the 
Great North Wall; “and for this purpose the most important fact to be borne in mind 
is, that on the north side of the bay, during the first half of the ebb, the tide runs 
westwards towards the bar, and then southwards in the direction of Kingstown, while 
during the last half of the ebb and the whole of the flood, the tide sets eastwards past 
the Bailey. During the first half of the ebb, the tidal and river waters within the 
Great North and South Walls pass partly over the submerged portion of the northern 
embankment, and partly through the harbour entrance between its termination and 
Poolbege Lighthouse. The current out of the harbour during this time is comparatively 
slack, and in no way interferes with the navigation of vessels in and out of the port. 
It is also probable that it produces little or no effect in deepening the bar channel, but 
only joins the bay currents, and sets south towards Kingstown. As soon, however, as 
the lower portions of the northern wall is uncovered, the remainder of the tidal and 
river waters within the harbour must pass through the contractive entrance at Poolbeg, 
which is only 1,000 feet wide. The result is a great increase m the velocity of the 
current, which somewhat exceeds three miles per hour during spring tides, and a marked 
impression on the bar by the removal of sand. This sand-bearing stream joins the bay 
current, which by this time is setting eastwards, and- ultimately deposits on the North 
Bull it portion of the sand from the bar, while the rest is carried into deep water. 


“ The tidal water aktenida on the flood comes from te south, bringing -back some 
of that discharge on the: first. half of the previous ebb. It appears,however, that 
except at neap tides, but-tittle of the water discharged during the second half of the 
ebb returns, in. consequence. of the current of the north side of the bay- still” setting 
east, and that the harbour’ is thus safe from injury by the return of sand upon the flood 
tide. 2 aitel 


A deep water channel extends from the river through the eat ina a practically 
straight line to the entrance at Poolbeg, a distance of 53 miles, measured from the 
Custom House. The tidal portion of the river r continues fc this’ ome to the weir at 
Islandbridge, a distance of 13 miles. 


’ The South Wall runs parallel and quite close to the deep water channel, leaving 
but a narrow strip of foreshore, the lower portion of which, below the old Pigeon House 


* Trans. Vol. 58, Part IV., 1878-79. 
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Harbour, which is shown on the plan, is not more than 200 yards wide, and is only 
exposed at low spring tides. 


On the north side of the deep water channel, a very considerable area of foreshore 
or slob land exists, which is uncovered at low water. It is over a mile in width and 
nearly three in length. 


The tidal portion of the river is confined within quay walls, and, as already 
indicated, forms a deep water channel, from 100 to 200 feet wide, as far as the 
Custom House, close to which the river is spanned by the O’Connell Bridge. 


The River Dodder joins the Liffey on its right bank, immediately above the 
estuary. It is marked on the plan. A small river, the Tolka, flows directiy on to the 
north-west corner of the estuary at Fairview. 


The estuary within the walls, and to some distance eastwards beyond the Poolbeg 
and Bull Lighthouses, together with the tidal portions of the river, form the Dublin 
Harbour. 


HistoricaL Norss.* 


In the year 1707, the combined waters of the Liffey and Dodder flowed across the 
sands at low water, dividing them into the North Bull and South Bull.. From its 
exposed position, the channel thus formed was subject to constant alteration in depth 
and direction, and this being the only channel by which vessels could reach the city, 
the early attempts to improve the harbour took the direction of providing a permanent 
and deep water approach to the port. With this end in view, the great South Wall 
was constructed, during the eighteenth century, to shelter the channel from southerly 
winds, and also to prevent the encroachment of sand. 


Improvement of Channel across the Bar. 


Although the completion of the Great South Wall accomplished to a great extent 
the object aimed at by its designers, portions of the channel up to the city were still 
very shallow, and attention was also drawn to a shoal beyond the extremity of the new 
wall, known as Dublin Bar. This bank stretched from the north side of the bay across 
the entrance to the harbour in the form of a hook. The deepest water for vessels was 
round the end of this hook; and across the bank, in a direct line out to sea, there was 
a depth of only from 5 to 6 feet at low water of spring tides. At the beginning of 
the nineteenth century many eminent engineers and naval officers were consulted re- 
specting the further improvements. Captain Bligh recommended a wall along the north 
side of the channel; Sir Thomas Hyde Page proposed a similar wall, and the formation 
of an island on the bar; while the proposal to construct an embankment, or wall extend- 
ing from the north shore towards Poolbeg emanated from the Corporation for 
preserving and improving the Port of Dublin. Mr. Rennie, at that time considered the 
highest authority on the improvement of harbours, prepared an elaborate scheme, but he 
predicted little likelihood of much improvement on the bar. He expected an increased 
depth of 3 feet of water as a result of an estimated expenditure exceeding £655,000. 
To provide a better approach, he considered it essential to construct a ship canal from 
some point on the adjacent coast where deep water might be obtained, and finally recom- 
mended the entrance to be made close to the present site of Kingstown Harbour. His 
estimate for this work was £489,734. From 1802 to 1812 the question of the improve- 
ment of the bar appears to have been in abeyance. Probably from Mr. Rennie’s scheme, 
from the large expenditure it would have involved, and the smallness of the results 
anticipated, tended to deter the Government from advancing the necessary funds for any 
particular scheme, 


About 1819 the Ballast Board found themselves in a position to carry out 
their own project of a wall or embankment from the Clontarf shore. Its object was to 
protect the harbour or the north side from the encroachment of sand, to shelter it from 


* These notes have been taken from an interesting paper, which was read by Mr. John Purser Griffith, 
M.Inst.C.E., Engineer of the Dublin Port and Docks Board, at the summer meeting of the Forty-fourth 
Session of the Institution of Naval Architects, June 26th, 1903. 
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northerly and easterly winds, and to direct the tidal and river waters in a fixed channel 
across the bar. Before beginning this work, however, an accurate survey of the river 
and bar was made by Mr. Francis Giles. Under the joint direction of Mr. Giles and 
Mr. Halpin, the engineer of the Ballast Board, the rubble embankment, now known as 
the Great North Walt, was constructed. 


A consideration of the difficulties overcome in the improvement of the approach 
to the Port of Dublin naturally leads to the inquiry, What are the dangers which beset 
the maintenance of the deep water channel across the bar? These may be briefly 
summarized as reclamation within and outside the harbour. Reclamation inside would 
reduce the tidal capacity on which the scour across the bar depends; while reclamation 
outside would result in the reduction of the area upon which sand entering the bay is 
at present deposited, and would tend to drive the low-water mark further out to sea, and 
greatly endanger the channel across the bar. 


It may be contended that the channel across the bar can be maintained by suction 
dredging, without imposing any restrictions on reclamation. This is, of course, true ; 
but, although suction dredging is relied upon for the improvement of the channel across 
the bar, yet the tidal waters of the harbour must form an important factor in its 
economic maintenance. The objections to reclamation are, therefore, as great as ever. 


Dredging River Channel. 


The great works which proved so efficacious in increasing the depth of the water 
on Dublin bar produced no appreciable improvement in the river channel. From the 
city to within 1,000 feet of Poolbeg Lighthouse all improvements in the channel are the 
result of dredging. Steam dredging was first introduced in 1814, but up to 1860 the 
total average tonnage raised did not exceed 150,000 tons a year. 


Since 1860 nearly 24,000,000 tons of materials have been dredged between Butt 
Bridge and Poolbeg, and the channel has been thus deepened, straightened, and widened 
for a length of 4 miles. A sum of £529,000 has been expended upon this work, 
exclusive of cost plant, which represents a further expenditure of over £150,000. Up 
to the year 1900 dredging operations were exclusively confined to the harbour to the 
westward of Poolbeg, all improvement of the bar being due to the tidal scour already 
referred to. Captain Pirie’s survey of 1899 (undertaken at the instance of the Port 
Board) brought to light, however, an encroachment of the North Bull strand upon the 
channel across the bar. To check this encroachment the Board decided to employ 
suction dredging, and an experimental contract was entered into for the removal of 
750,000 tons of sand from the bar and the pumping of the sand ashore upon the slob 
lands at the north side of the Alexandra Basin. This has proved successful, and the 
Board have recently (1903) contracted for the building of a suction hopper dredger 
suitable for this work, in order to carry out the dredging departmentally. The 
programme in view at the time was to construct within the then next five years a 
channel from the bay to the city with 20 feet depth at low water of spring tides. 
This would open the port to all classes of vessels engaged in the coasting trade at all 
times of the tide, and permit the largest class of oversea merchant vessels to enter at 
neap tides. This may be said to be a modest programme, but it will be a great step in 
advance, and there is no reason why this depth should not be increased if found 


necessary: 


New Quay Walls. 


The old shipping quays were built in the early part of the nineteenth century, and 
were founded about low-water level, and the foreshore in front of the quays dried out 
at low-water mark. A length of about 7,500 feet (or about 50 per cent.) of these quays 
to the eastward of Butt Bridge have been rebuilt at a cost of about £360,000. This 
enables some of the principal coasting and cross channel steamers to sail at fixed hours 
irrespective of the time. A large portion of these reconstructed quays are on the south 
side of the river, and there are deep water berths available for over-sea as well as 
coasting vessels, and at the greater portion of these latter quays there is a depth of 22 
feet alongside at low water. 
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North Quay Extension and Alexandra Basin. 


New deep water quays and a large tidal basin called the Alexandra basin (fig. 1) 
have been constructed on the north side of the river. These new quays have already 


added 40 per cent. to the length of the river quays to the eastward of Butt Bridge. The — 


quay walls of the North Quay Extension and Alexandra Basin have attracted much 
attention amongst engineers, owing to the manner in which they were constructed. 
They were built up to low-water level with gigantic blocks of masonry, each block 
weighing 350 tons, and over the blocks the upper portion of the walls was built by 
tidal work. The blocks were built on a wharf, and when sufficiently hardened were 
lifted and conveyed to their destination in the quay wall by a floating shears. The 
foundation for the blocks was first excavated by a steam dredger to within two feet of 
the finished level, and the remainder of the excavation was taken out by men working 
in a large diving-bell, 20 feet square and 6% feet high. Access was obtained to this 
chamber by a wrought-iron shaft and air-lock without lifting the bell. One of the most 
important features of this mode of construction is the absence coffer-dams, staging, and 
pumping ; and it has proved exceptionally economical. The whole of the machinery 
and appliances in this great work were designed by Dr. Bindon Stoney, Lb.D., F.R.S., 
M.Inst.C.l., the late chief engineer of the Dublin Port and Docks Board. The quays 
on the river side of the North Quay Extension afford berthage of 22 feet at low water, 
while the berths along the quays inside the Alexandra Basin have depths of 24 to 26 
feet at low water. The Alexandra Basin is still unfinished. 


Lights, Fog-Signals, Beacons and Buoys. 


There are five lighthouses. Poolbeg Lighthouse is the oldest in the Port, having 
been built in the middle of the eighteenth century. The fog signal at this lighthouse is 
a powerful siren sounded by compressed air. The base of Poolbeg Lighthouse is 


protected on the east and south-east by a breakwater of concrete blocks, each weighing 
140 tons. 


The North Bull Lighthouse is a wrought iron tower on a masonry base, founded 
on the submerged end of the Great North Wall. The lower portion of the masonry 
consists of two concrete blocks each weighing 330 tons. 


In addition to the lighthouse the channel is also marked by beacons on the north 
side, and by buoys on the south side, two of the latter being illuminated buoys. 


Contents oF Dustin Harpour. 


A careful computation has been made by Kaye-Parry of the quantity of water - 


contained in Dublin Harbour between the Alexandra Basin (shown on the plan, figure 1) 
and Poolbeg Light, at different states of the tide, with the following results :-- | 


At high water of spring tides - - - ate “ - - 9,228,000,000 gallons. 
At low water of spring tides - - mot; 5 : 2,374,500,000 _,, 

At high water of neap tides - ~ - - -, os - 75414,500,000 

At low water of neap tides - - - - - - - 3,183,000,000  ,, «-- 


These figures show that during the spring tides 6,835,500,000 gallons of tidal water 
pass in and out of the harbour at each flow and ebb, and similarly 4,231,500,000 at neap 
tides. In addition to these volumes of tidal water, there is that of the river water, the 
daily average volume of which has been calculated to amount to 270,000,000 gallons. . 


Of the quantity of water which remains in Dublin Harbour at low water, 91 per 
pe is contained in the deep water channel at spring tides, and 78 per cent. at neap 
ides. 


: As already stated, owing to the nature and direction of the tidal currents, very 
little of the water which passes out of Dublin Harbour on the’second half of an ebb 
tide returns with the ensuing flood tide, except perhaps at neaps. 


— Ee Ss 
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POLLUTION :OF THE RiIveR.AND [sTuary. 


For very many years past the Dublin Harbour has been the receptacle of the 
sewage in a crude state from the City of Dublin, and from the adjoming townships and 
country districts. The total population included in these areas amount to upwards of 


360,000. 


The sewage from the greater part of the City of Dublin is discharged ‘into the 
tidal portion of the River Liffey by a number of sewers opening out along the quay 
walls on either side of the river. The remainder of the city sewage is discharged into 
the river Tolka at Ballybough Bridge, which is close to the mouth of the river, and is 
thence brought down to the foreshore of the estuary at Fairview. 


The sewage from Clontarf is discharged by means of a number of open sewer 
pipes on to the foreshore to the north of the deep water channel, The positions of the 
sewers may be gathered from the maps which will be described a little later on, see 
page 278; it may be taken that a sewer runs on to the foreshore in a straight line from 
every side street shown on the maps. 


The townships of Rathmines and Pembroke, which together possess a population 
of upwards of 60,000 people, have a joint main drainage system, independent of that 
of the City of Dublin, and the sewage is discharged from an outfall which is situated 
close to the south wall, about a mile above the mouth of the harbour. Its position is 
indicated on the plan in figure 1. The discharge from this outfall is legally limited to 
the first five hours of the ebb tide. 


The invert of the outfall sewer is covered by 5 feet of water at low water of 
equinoctial springs, and during the period of. discharge the depth of water over it 
varies between 8 and 18 feet. 


THE CoNDITION OF THE BED OF THE RIVER AND ESTUARY. 


From the point of view of sewage disposal, the estuary presents an exceedingly 
interesting object lesson. Notwithstanding the large volumes of crude sewage which 
are discharged into both river and estuary, gross pollution of the bed is by no means 
general, but is restricted to comparatively small areas. For example, it may be stated 
on the authority of the engineer to the Dublin Port and Docks Board, Mr. John P. 
Griffith, M.Inst.C.H., that practically the whole of the sewage solid matters which are 
discharged into the river are deposited within the river area. This statement is based 
on the observation that in dredging operations sewage solids are not met with below 
the neighbourhood of the Alexandra Basin, shown on the plan. Below this point the 
bed of the channel is quite free from anything like serious pollution. Finely divided 
sewage solids are no doubt carried below this point, and become widely distributed, 
since the bed of the estuary has been observed very generally to be polluted, although 
very slightly so. 


Again the bed of the estuary in the neighbourhood of, and below the joint outfall 
works of the Rathmines and Pembroke townships is remarkably free from any 
permanent deposit of sewage solids, although the outfall has been in operation for over 
twenty-five years. The solid matters which are met with in the neighbourhood of this 
outfall are confined to paper and to the light flocculent matters peculiar to domestic 
sewage, and to the floating matters common to town sewage, such as corks vegetable 
débris of various kinds, fine cinders, etc. Deposits of mud have been met with during 
dredging operations along the edge of the deep water channel below this outfall which 
did not occur before it was constructed.. The mud appears to consist of fine road 
débris, and gives trouble in working suction dredgers. It does not appear to be 
seriously polluted by sewage solids. . 


The explanation of the absence of sludge banks in the neighbourhood of and 
below the outfall lies in the fact that the heavy road detritus is separated from the 
sewage before discharge of the latter from the outfall by a system of catch-pits bui’t 
within the main sewers, and in consequence only the floating matters and lighter solids . 
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escape with the liquid matters from the outfall. These are too light or too finely 
divided to form permanent deposits anywhere, and are either carried out to open sea, or 
too widely distributed to cause any nuisance or observable pollution. 


The condition of the foreshore north of the deep water channel is also extremely 


instructive. 
erossly polluted by sewage solid matters, but the pollution gradually lessens in the 


direction of Dollymount where the surface of the sand 1s quite clean, and it is necessary 


to dig down some four or five inches to obtain any sign of the discolouration due to 


pollution. 


Along the less polluted portions of this foreshore masses of the green ulva 


latissima accumulate during the summer and autumn and gives rise to extremely 
offensive odours. 


One of the authors (Letts) has made careful analysis of samples of sand and gravel 
which he dredged from different parts of the river and estuary. The results very 
clearly show the degrees of pollution which obtain at different points of the bed of both 
river and estuary. 


A small dredge with bag of canvas material was employed so as to lift both coarse 
and fine particles. The dredging was done on the flood tide. The samples of sand 
etc., thus obtained were dealt with as follows :— | 


(1) A certain quantity of each was placed in a small specimen tube which 
was corked. The object of this was to ascertain whether or no putrefactive 
changes would occur. Sand or silt polluted with sewage blackens when kept in a 
moist condition, while the same if not polluted does not materially change i 
appearance. | ag 


(2) The bulk of the material dredged in each case was dried, then sifted 
through fine wire gauze and the finer portions analysed. The siftings were 
submitted to two different methods of chemical examination, viz. :— 


a) The loss in weight when they were heated or “ignited ” ; 
fo) ME S 


(6) An analysis to determine the amount of nitrogen which they 


contained. 


Both methods give an indication of sewage pollution, but the second is the more 
sensitive, and the results obtained hy it were employed in calculating the probable 
percentage amount of sewage sludge in different examples. 


For this purpose it was necessary to examine the sludge itself, and samples of this 
material were on three occasions dredged from the bottom of the valve chamber of the 
Rathmines and Pembroke outfall works, and were submitted to the same methods of 
analysis. 3 : 


The average amount of nitrogen in them was found to be 2°7 per cent., and this 
figure has been taken as the basis of calculation and as representing 100 parts of 
sewage sludge. : 


The figures in the column headed “ probable percentage of sewage sludge without 
correction,” in the following table, 1, have been arrived at from the proportion 2°7 : 100:: 
percentage nitrogen in the dredging : probable percentage sewage sludge. 

But unpolluted sand contains a certain amount of nitrogen (no doubt due to animal 
and vegetable débris) and a correction should be made for this. For this purpose the 
percentage of nitrogen found in the sand on the white strand to the south side of the 
wall at the outfall works. In the column headed “‘ probable percentage of sewage 
sludge with correction,” the percentage of nitrogen in the unpolluted sand has been 
subtracted from that found in the polluted samples, and the remainder taken as the 
true index to the extent of the pollution. The position on the bed of the estuary where 
ic ree pit were dredged will be found marked on the map which accompanies 
able 1. 


At the mouth of the Tolka, in the neighbourhood of Annesly Bridge, it is’ 


i i iis ie iin i i i hi 
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TABLE I.—ANALYSES OF DREDGINGS AND OF SEWAGE SLUDGE, 1905 (Letis). 





Probable Percentage of 






































Percentage | Percentage Sewage Sludge. 
No. Nature of Sample. of Losson | Remarks. 
| Nitrogen. | Ignition. 
Uncorrected. | Corrected. 

1 Liffey R. at mouth) 0°934 24:9 34:6 34:1 Black, _ flocculent, stinking, 

of Dodder. contained an extraordinary 
number of small worms. On 
keeping in a moist. condition 
turned very black. On igni- 
tion heavy white ammoniacal 
vapours were evolved and 
complete charring occurred. 

2 , Harbour—abreast| 0-204 2-4 0°8 0:3 Fine grey sand. On keeping in 
of Pigeon a moist condition blackened 
House. in patches; on igniting did 

not char or emit any per- 
ceptible odour or vapours. 

3 | Harbour—mid- 0:108 46 4:0 3 Coarse pebbles and shells in 
way between addition tosand. On keeping 
Pigeon House in a moist condition blackened 
and Outfall. _in patches but more exten- 

sively than 2. On igniting 
blackened slightly and emitted 
a slight odour, without how- 
ever visible vapours. 

4 | Harbour—50- 0-059 4:4 2°2 1:7 Many coarse pebbles, shells and 
100 yards a shell-fish or two in addition 
below Outfall. to sand. On keeping in a 

moist condition turned black ; 

on igniting blackened dis- 

tinctly and emitted a distinct 

. odour without however visible 
° vapours. 

5 | Harbour—J ust 0-038 2:0 1-4 | 0-9 Many course pebbles and shells. 
inside Light in addition to sand. On keep- 
Buoy. ing in a moist condition black- 

ened somewhat; on igniting 
blackened distinetly and 
emitted a slight odour with- 
out however visible vapours. 

6 | Harbourbetween | 0-006 2°5 0°6 01 Some pebbles and a good deal 
N. Bull and of fine gravel and shells in 
Poolbeg Light- addition to sand. On keeping: 
house. in a moist condition did not. 

change; on igniting did not. 
blacken or emit smells or 
vapours, 

7 | Harbour—North 0-019 3-4 0-7 0-2 Fine sand. Behaved like 6 on 

_ side of Chan- igniting. 
; nel at Red 
Buoy. 
Harbour—North 0-019 2-0 0-7 0-2 Similar to 7 in all respects. 
side of Chan- 
nel, off lowest 
beacon. 

9 | South side of 0:013 15 0°5 0-0 Coarser than 6 and 7 but similar 
Wall, “ White to them in all respects. 
Strand” at ' 

Valve House. 

10 | Sewage _ sludge 1-615 40°5 oe = 
(Flood sample). 

11 | Sewage sludge |. 3°887 30°2 — = 
(Dry sample). 

12 | Sewage sludge | 2°562 31:0 — — 
(Dry sample). 
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In reviewing the figures in the foregoing table, it is evident that the bed of the 
River Liffey at the mouth of the Dodder is enormously polluted. It in fact requires no 
chemical analysis to prove this; the filthy appearance and stench of the black mud 
dredged up being sufficiently convincing. 


The next set of figures indicate that the bed of the estuary abreast of the Pigeon 
House is practically clean and unpolluted, while the succeeding set show that lower 
down it is distinctly polluted. This appears contradictory, but the probable explanation 
is that, as dredging operations were in progress at the time the samples were collected, 
the first of these two samples was taken from a spot already cleaned by the dredger, 
while the second was probably taken from a place where the dredger had not been 
recently at work, and which therefore contained an older and more polluted deposit. 
The results which will be found in the next table show that this explanation is in all 
probability the correct one. 


The fourth set of figures in the above table were obtained from a sample collected. 


50 to 100 yards below the Rathmines and Pembroke outfall, and they show surprisingly 
tittle pollution. There can be no doubt that a large amount of sewage solids pass out 
over this spot, and also that a considerable quantity of these must occasionally be deposited 
where the sample was collected (the position is marked on the accompanying map of 
Dublin Harbour), but it seems clear from the analysis that they do not remain perman- 
ently deposited to any large extent, and that the small quantities which may from time 
to time be deposited are comparatively rapidly fermented in the presence of the dis- 
solved oxygen in the water flowing over them, with the result that the bed is kept 
relatively clean, even quite close to the outfall. 


TABLE 2.—ANALYSES OF DREDGINGS AND SANDS ExposEeD aT Low Warter, 1905 (Letts). 





| 

| Probable Percentage of 

i Percentage | Percentage Sewage Sludge, 

No, | Nature of Sample. of Loss, on te Remarks. 
| Nitrogen, | Ignition. 


| 
| 





Uncorrected. | Corrected. 














1 | 50 yards above 0-395 14°53 14°63 14:13 Fine mud. Slightly foul. Cn 
Xathmines / keeping turned black (2.¢., 

| sewer overflow | | when kept moist), On igni- 

| above Pigeon | tion heavy white ammoniacal 
House. vapours evolved, and complete 

| charring occured, 

2 | About 180 yards} 0140 | 7-70 5:18 | 468 | Mudand sand. Not foul, On 
| below Pigeon’ |~ - : | | keeping blackened. On igni- 
House, tion charred and emitted slight 


smell, without, however, visi- 
ble vapours, 


About 360 yards 0-062 4°31 2°29 ee 1-79 Fine sand. Did not blacken 





» | 

| below Pigeon | much on keeping. On ignition 
House. charred only slightly. Slight 
| smell noticed, but no visible 

vapours. 
4 | About 540 yards, 0°052 | 3:34 1:92 P1439 Fine sand. Not foul. On keep- 
| below Pigeon | ing blackened only slightly. 
| House On ignition charred slightly, 


but scarcely any smell emitted 
and no vapours. 


5 | About 720 yards 0-033 3°28 1:22 0:72 Some coarse fragments, such as 
pelo Pigeon coal, pebbles and shells. The 
ouse, 


remainder fairly fine sand, 
On keeping blackened in 
patches. On ignition charred 
slightly, but scarcely any smell 
emitted, and no vapours. 





6 | 900 yards belew — a 


: — — Coarse stones and shells. Dredg- 
Pigeon House. 


ings twice done, but no fine 
matter suitable for analysis 
obtained. : 
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D. 
ROYAL COMMISSION ON SEWAGE DISPOSAL: 


Map to illustrate Dr, Adeney's Section on the Liffey Estuary. 
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- gen, by pollution, in per centage 
* of saturation: 
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Figs. in red from Table 7. 
Figs. in blue from Table 8. 
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Figs. enclosed in circles de- 
note bottom samples. 






Ordnance Survey, Southampton. 
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TABLE IJ.—Analyses of Dredgings and Sands Exposed at Low Water, 1905 (Letts)—continued. 


























Probable Percentage of 
Percentage Percentage Sewage Sludge. 
No. | Nature of Sample. of loss on |_ Remarks. 
Nitrogen. | Ignition. 
Uncorrected. | Corrected. 

7 | About 1,080 yds. 0-052 3°87 1:92 1°42 Fair amount of coarse material, 
below Pigeon e.g., pebbles and shells. On 
House, i.e., keeping blackened in patches. 
nearly abreast ~ On ignition charred siightly, 
outfall. but scarcely any smell emitted, 

and no vapours. 

8 | Sand taken from 0-019 2°37 0°69 0:19 Coarse sand, with some small 
east end of shells and pebbles. On keep- 
bank exposed ing scarcely blackened. On 
at low water be- ignition blackened very slight- 
tween Pigeon ly, but emitted no vapours. 
House — and 
outfall. 

9 | Ditto middle | 0-017 1-93 0°63 0-13 Similar to 8. On _ keeping 
bank. blackened slightly. On igni- 

tion behaved like 8. 

10 | Ditto west end - | 0-021 1-78 0-78 0-28 Similar to 8. On _ keeping 
blackened slightly. On igni- 
tion behaved like 8. 

















The other figures need but little comment. They show that the effects of the 
sewage discharged from the outfall rapidly diminish as its neighbourhood is left, and 
are practically nil between the Poolbeg and North Bull Lighthouses. 


It has been suggested that a great portion of the Rathmines and Pembroke sewage 
does not escape into the open sea, but remains within the harbour and is driven over by 
the flood tide on to the Clontarf strand. The figures obtained for samples 7 and 8 show 
-that so far as sewage solids are concerned, the effect of the sewage if it is so carried 
over is practically nil. 


The results of analysis of another series of dredgings by the same author are 
recorded in the next table, 2. These show in the first place the effects of the Dublin 
sewage are clearly traceable some distance down the harbour, but that they practically 
die out before the outfall of the Rathmines and Pembroke sewer is reached (6). No. 7 
taken just off the outfall shows how slight the polluting effect of this sewer is on the 
bed of the harbour, while both of these taken together indicate with sufficient clearness 
that no appreciable quantity of sewage solids is carried towards Dublin with the flood- 
tide from the Rathmines and Pembroke sewer. 


Regarding the possible effect of the overflow of the Rathmines and Pembroke 
sewer, situated near the Pigeon House, the river bed is here so much polluted by Dublin 
sewage that no inferences are possible. 


The analyses of the exposed sands show them to be clean and scarcely affected 
either by the Dublin sewage or by that from Rathmines and Pembroke. 


ConDITION OF THE WATERS oF THE Estuary IN 1900. 


A study of the waters of the estuary abreast and below the Pigeon House was 
made by one of the authors (Adeney) in the winter and spring of 1890, and the results 
obtained have been in great part published in the joint communication with Kaye-Parry 
already referred to. Much of the information which follows is quoted from it. 


Later on, in the years 1904 and 1905, further studies of these waters were made 
by the same author. 


6225—Ap. VL. 2P2 
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The first study was undertaken more particularly to ascertain the effect of the 
sewage from Dublin and from the townships’ outfall upon the estuary waters abreast 
and below the Pigeon House. 


As the results which have been obtained show that the Liffey estuary is a typical 
example of the second class in the division of tidal waters adopted in the Section on 
Chemical Changes, p. 67, it has been thought desirable to describe them in detail in 
this Report, more especially as they form the most complete study of actual pollution of 
a tidal water by the aeration method that has yet been recorded. io 


Volumes of Sewage Discharged from the Rathmines and Pembroke Outfall. 


The sewage from the townships is impounded in a tank sewer during the last 
hour of the ebb and during the ensuing flood-tide. A careful determination of the 
quantity discharged from the outfall during each of the five hours when the sluice 
gates are open, at both neap and spring tides, has been made. 


Mr. Kaye-Parry has kindly given the authors for insertion in this Report a copy of 
the results of observations which he made in 1905. They are as follows :— 


TABLE 3.—SHOWING THE RELATIVE VOLUMES OF SEWAGE DISCHARGED PER HOUR FROM THE RATHMINES 
AND PEMBROKE OUTFALL TANK SEWER ACCORDING TO THE HEIGHT OF THE WATER AT HIGH TIDE. 


APRIL liTH, 1905.—HicH WATER AT DUBLIN BAR 2.56 P.M. (AVERAGE TIDE). 



































—— Volume discharged.* —— 

Gallons. Percentage. 
First hour - - - - - 1,422,919 . 46:0 
Second hour - - - - - 632,350 20°4 
Third hour - - - - - 504,881 16°3 
Fourth hour - - - - - 281,412 9-0 
Fifth hour - - - - - 253,625 8:3 
Totals - - 3,095,187 100-0 

APRIL 20TH, 1905.—HiGH WATER AT DUBLIN Bar 11.25 a.m. (SPRING TIDE). 
—— Volume discharged.* ao 

Gallons. Percentage. 
First hour - - - - - 938,562 30°3 
‘Second hour - . . - - 844,212 27°3 
“Third hour - - - - - 769,719 24°8 
Fourth hour - - - - - 289,069 9:3 
Fifth hour - - - : - 253,625 8°3 
Totals - - 3,095,187 100-0 











At spring tides high water at Dublin Bar is about 12 o’clock noon and 
12 o'clock midnight. The range of spring tides is about 13 feet. 


During spring tides the difference in level between the liquid impounded in the 
sewer and the water in the estuary, when the sluices are first opened, is only 
about 3 feet. For this reason the quantity discharged during the first hour of spring 
tides is less than the quantity discharged during the corresponding period at neap 
tides. 


* Note the storage capacity of the tank sewer is 1,700,000 gallons, so that the sewer was overflowing 
on both the days these observations were made, before the sluices were opened. It appears from these 
figures that the capacity of the storage tank is insufficient, so that the sewage must overflow the valves 
of the Penstock Chamber during the flood tide. . 
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At neap tides high water at Dublin Bar is about 6 o’clock a.m. and p.m. The 
range of tide is about 6 feet 6 inches. At neap tides the difference in level between 
the liquid i in the sewer and the water in the estuary, when the sluices are first opened, 
is about 6 feet, and for this reason the discharge duri ing the first hour is greater than 
at spring tides. 


It will be observed that, practically speaking, 83 per cent. of the total quantity 


of sewage is discharged during the first three hours at both spring and neap tides, and 
about 9 4 per cent. during the fourth hour and 8 per cent. during the fifth. 


Composition of the Sewage discharged from the Outfall. 


The composition of the sewage which is discharged | from the main drainage 
outfall is as follows :— 


Gallons. 
Sewage from Rathmines, population 35,000, water consumption 44 gallons per 
diem —- - - - - - - - - - - 1,540,000 
Sewage from Pembroke township, population 25,000, water consumption 40 
gallons per head per diem ~~ - - - - - - - - 1,060,000 
Pembroke low level subsoil water, average quantity pumped per day for the 
last 6 months - - - - - - . - - - - - 815,000 
Two streams entering the Rathmines sewers (dry weather gaugings) —- - 280,000 
Balance, being subsoil and land water from Pembroke high level district and 
from Rathmines _ - - - - - - - - - - 2,555,000 
6,190,000 


As regards these figures it must be remarked that the Rathmines sewage is only 
about three-fourths the strength of ordinary sewage, as it is calculated at the rate of 
44 gals. per head per day, which is the actual water consumption, whereas standard 
sewage is taken at 30 gals. per head per day, and the Pembroke sewage is also largely 
diluted, as it is calculated at the rate of 40 gals. per head per day, which is the actual 
water consumption. 


The liquid discharged therefore consists of standard sewage in the following 
proportions :— 


Gallons. 

Standard sewage, Rathmines, population 35,000 at 30-gallons per head - - 1,050,000 
Standard sewage, pelo aaa 25,000 at 30, 0. gallons pet Bene - - - - 750,000 
Water - - > - - - 4,390,000 
6, 6,190,0 000 


The sewage, therefore, as discharged from this outfall is less than 4 the strength 
of ordinary standard sewage. The actual figure is 29 per cent. standard sewage and 
71 per cent. land and subsoil water. 


The heavier solids are retained within the system of main sewers by means of the 
catch-pits already refered to, and are thus prevented from being discharged with the 
main body of the sewage from the outfall. The quantity of solids retained by these 
eatch-pits has been measured, and it has been found to amount to 2 tons in the wet 
state, or 1} ton in the dry state, per day. The solids thus separated principally consist 
of road detritus, gravel, sand and the heavier constituents of the suspended matters of 
the sewage. 


According to the Rivers Pollution Commission, average town sewage contains 
about 1 ton of suspended mineral matter per million gallons. As the quantity of 
standard sewage is about 1,750,000 gallons, the quantity of mineral solids in suspension 
would be 1? ton ; of this ui ton is removed at the catch-pits, including all the heavier 
solids ahh would cause trouble in the estuary by forming banks along its bed, and 
less than } ton of mineral suspended matter is discharged per day. 


The results of alae of 23 samples, which were collected both from the bottom 
and surface of the sewage in the Penstock chamber of the outfall works, are recorded 
in the succeeding table 4. These analyses show that that the sewage is between + 
and + the strength of the average of 50 samples of sewage from 16 towns recorded in 
the first report of the Rivers Pollution Commission, p. 29. 
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The suspended matters were all of a light flocculent character, with the exception 
of Nos. 3 and 5, the suspended matters in which were chiefly fine clay and sand. No 
heavy mineral matters were found in any of the samples. 


All the samples contained nitrites with exception of No. 2. 


All the samples were free from odours of putrefaction ; this was owing to the large 
quantities of nitrates present in them. 


The results of analysis of a second series of samples, which were collected from 
the bottom of the Penstock chamber in April, 1905, have already been recorded.* 


The results of these analyses show that the samples contained a little more ammonia 
and a little less nitrates and nitrites than the first series. No doubt these variations 
in composition were largely due to the different states of weather which prevailed when 
the samples were collected. It was predominantly very dry when the first series 
were collected, and predominantly wet during the time of collection of the second 
series. 


The two series were also, it should be noted, not quite comparable. Each sample 
of the second series was an average of samples hourly collected from the bottom of the 
Penstock chamber, from half an hour after the gates were opened to half an hour after 
they were closed. The samples of the first series were not average samples, and they 
were moreover collected both from the bottom and from the surface of the sewage in 
the Penstock chamber. The analyses however of both series of samples show that the 
sewage as discharged from the outfall is extremely weak, and that it possesses two 
further characteristics which are also quite exceptional as regards ordinary town 
sewage. These are—(1) nitrates and nitrites, derived from the subsoil water, are 
present in exceptionally large quantities ; (2) the suspended matters are all of a light 
- character. The mineral matter consists of light sand and clay, and the organic. matters 
are of a light flocculent character. Heavy road detritus or other heavy suspended 
matters have not been observed in the sewage in the Penstock chamber, even during 
very heavy rain after some days of dry weather. The presence of the large quantities 
of nitrites and nitrates explains the circumstance which has frequently attracted 
attention, viz., the absence of offensive odours of putrefaction in the Penstock chamber 
even in dry and warm weather. ‘The removal of the heavier solids from the sewage 
before discharge from the outfall also explains the absence of offensive sludge banks in 
the neighbourhood of and below the outfall. The sewage solids which are discharged 
from the outfall are of so light and flocculent a nature as to be easily borne for long 
distances by the estuary waters before subsidence. They do not consequently form 
permanent accumulations in any part of the bed. Nevertheless these solids should not 
be allowed to be discharged from this outfall since, when northerly winds prevail, an 
unsightly accumulation of floating matters of various kinds such as corks, paper, veg- 
etable refuse, cinders, and in fact all matters inseperable from domestic sewage, are 
formed along the shore immediately under the south wall at low states of the tide. It 
is probable they could be successfully removed by means of fine screens. 


Tue EFFECT OF THE SEWAGE UPON THE WATERS OF THE ESTUARY. 
(a) High Tides. 


When at high water the valves of the Penstock chamber are first opened, the invert 
of the outfall is 10 to 14 feet below the surface of the estuary water, according to the 
tidal season. The sewage rushes up through this depth of water with some violence 
to the surface, and in calm weather spreads out in a narrow stream and floats with the 
tide in an almost straight line to the mouth of the estuary and thence into the bay. 





* Section on Chemical Changes, etc., p. 66. 
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For the first series of samples which were collected by Mr. Kaye-Parry and one of 
the authors, the path of the sewage was determined by means of three floats. Samples 
of water were collected vertically over the outfall, and at the same time three floats 
were placed in the water. Further samples were then collected in the path of the float 
at intervals of about half an hour, until the floats passed the mouth of the estuary into 
the bay, which they did in 1 hour 15 minutes after having been placed in the water 


over the outfall. 


From the analyses which are given in the succeeding table 5 it will be observed 
that the sewage during its passage from the outfall to the surface of the estuary 
immediately above it became diluted with about five times its bulk of sea water, and 
that this mixture must have flowed with the tide in a narrow stream to the mouth of 
the estuary with but little further dilution. Perhaps it would be more accurate to say 
that the central portions of the stream: were but little further diluted. The weather 
at the time was perfectly calm, and the ebb tide had well set in when the first sample 
over the outfall was collected. The analyses in this table also show that even the 
central portions of the stream of mixed sewage and tidal water, as it flowed away from 
the outfall, was practically innocuous. It is evident in fact that if the samples had 
not been kept out of contact with the air until they were analysed no loss of oxygen 
would have been discovered. me semaine oa 


TABLE 5.—ANALYSES OF SAMPLES OF ESTUARY WATER COLLECTED DURING THE First Two Hours 
OF THE Epp (AVERAGE TIDE), Marcu 16TH, 1899. 


Samples collected along the path of the sewage (shown by floats) after discharge from the Outfall. Weather extremely 
dry and calm. High tide 1.58 pm. Valves of Penstock Chamber opened at 2.20 p.m. 





eigen hE aa. «TE Other constituents as parts by 























ressed as volumes at N.T.P. ; 
a 1, (GQecaldesedsa! ara ae weight per 100,000 parts of water. 
| SURFACE SAMPLES. : ars 
Time Nitrogen as : 
No. Where collected ; leant ; mes a 
wiv ae pt. * AS} 
description. . | Se d 3 : ee 
© foal ° Do | R oO = D 
ars © $s 9 8 s = 3 
ai Ke aS 7 =| = 3 5 2] 
oa pale a s wo. | Bol s 
OA Oo. | AG va <q va ‘o) ® = 
Hours. 


Sewage from Penstock : 
Chamber (see Table 4) -| 21 (95:10 | 0°00; 0:0 | 16-41 "25 | 464 | “392 | ati) 4it 


1 | In mid-stream opposite 
Pigeon House Harbour 


at 2pm.  - - - | 24 | 46°67 | 6°53 21 | 12°76 01 | :030'| +038 | 2,030 ) 3,655 
2 | Over the Outfall in the path 
| of sewage at 2.37 p.m. -| 26 |55:83 | 5:62) 15°38 |13:28 | -05 ; -085) -064 | 1;890“3:147 
3 | Below Outfall in path of 
sewage at 3pm. - -| 42 |52°83 | 5:50 | 17:6 | 13:06 05 | 130°)’ =190-)-4,750 35310 
4 | Below Outfall in path of 
sewage at 3.30 p.m. =| 44 10933 0°00 [elu @ilaco 06 | 1160 | :190°| 1,750 | 3,128: 





5 | Below Outfall in path of 
sewage and between the : 
Lighthouses at 3.52 pm. | 96 |51:26 | 5:39} 19-3 {12:93 | -05 | -100.| -146 | 1,750 | 3,216 


6 | In Dublin Bay S. of 
|  Poolbeg Light at4p.m.| 96 [46:19 | 6-68 |. 0:0 | 12-99 |-0005 | -010 | -009 |1,995 | 3,794 
































* The figures in this column indicate the percentage loss of dissolved atmospheric oxygen in the 
samples after keeping them for the periods of time given in the third column, the maximum quantity of 
oxygen which the samples could hold in solution in an unpolluted condition being taken as one-half that 
of the atmospheric nitrogen which they contained (see seventh column). 


All the samples, except No. 6, were slightly turbid and odourless, and contained 
traces of flocculent matters in suspension. It was quite clear, odourless, and contained 
minute traces of fine granular matters in suspension. 
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TABLE 6.—ANALYSES OF SAMPLES COLLECTED AT THE COMMENCEMENT OF THE EBB (SPRING TIDE) 
JANUARY 17, 1900. 


Weather showery ; strong west wind. High tide 12.4 p.m. 






































pases consttinents expressed Other constituents as parts by weight per 
as volumes at N. T. P. per P ee 
1,000 volumes of water. LOG mo parks Ol Watar: 
SURFACE SAMPLES. 2 
No Time Nitrogen as Solids in 
Where collected ; | kept. * Es 
description. sir xe ej = f ; 3 , 
ie bese) dhactcn civld, bod oe 4S 
“S95 frase = reer wa a 9 i ee a a 
= fc?) ei mo (o) 
pee cae ue a Ot Oe | ae ee 
S (soe Tabl Hours. 
ewage (see Table 
4,No.4) - 2 3 107:93 2°32 SSP G G19 82-5008} 455) f 20007 SE12 267 | 15°601 
1 | Over Outfall in 








path of sewage, 
at 12.30 pm.,, 
very turbid ow- 
ing to clay and 
fine sand in sus- 
pension - - 


2 | Above Outfall, 
near the Black 
Buoy 2, at 12.35 
pm. Slightly 

turbid - -| 27 48:08 | 6:42 | 3°82 |12°87 | :003 | -035 | -017 | 2118 | 3518 | traces. 


3 | Below Outfall, 
near mid-chan- 
nel, about one- 
third way to 
Lighthouses, at 
b254-0-) 5) pT. 
Slightly turbid -} 48 46°33 | 6:34! 5:02 |12°94 |} -002 | :008 | :018 | 1761 | 3522 | traces. 


4 Below Outfall in 
path of sewage 
one-third way to 
Lighthouses, at 
LS haep “mm. 
Slightly turbid -| 50 48°05 | 6°38 | 4:42 |12°91 | -004 | -013 | -012 | 1709 | 3530 | traces. 


5 | Below Outfall, on 
South side of 
path of sewage 
and __ one-third 
way to Light- 
houses. Dis- 
tinetly turbid -|} 52 25°19) (6 6204-712 1 13°02.) -O014') -02 





64:08 .| 6:03 | 9°66 {13°62 | °175 | :235 | :125 | 1365 | 2553 | 2-400 


bo 
iS) 








bo 


‘067 | 1820 | 3628 | traces. 








* See fcotnote, Table 5. 


The analyses in Table 6 indicate the effect of the sewage when discharged at high 
spring tides under a strong west wind. It is evident from them that the effect upon 
the aeration of the estuary waters would have been inappreciable had not the samples 
been kept out of contact with the air. 


It should be noted that the samples of water referred to in these tables had been 
polluted by sewage from Dublin as well as by that from the townships’ outfall. It 
may be concluded, therefore, that both sewages together are insufficient to pollute the 
waters of the estuary at the points where the samples were collected, to the maximum 
limit allowable under the proposed standard for second class tidal waters. 


(6) Low Tides. 


The polluting effect of the sewage upon the bottom and surface waters of the 
Estuary during the last two hours of the neap ebb and spring ebb tides, under calm 
and dry weather conditions, is demonstrated by the analytical results recorded in the 
succeeding Tables 7 and 8. 





+ Section on Chemical Changes, etc., pp. 91-96. 
6225.—Ap. VI. 3 2Q 
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The analyses of Samples Nos. 1, 3, 5 and 7, Table 7, when compared with that of 
the sewage collected just before from the bottom of the Penstock chamber, show that 
the latter, on flowing from the outfall to the surface of the water overlying it became 
diluted with about an equal volume of estuary water, and that at a distance of 10 
vards from. the outfall the dilution had ‘increased to about six volumes, at 50 yards 
distance to about seven volumes, and at 100 yards to about ten volumes, of estuary 


water to one volume of sewage. 


The analyses of the bottom samples indicate very slight pollution at a distance of 
10 yards from the outfall, and at a depth of only 2 feet. On comparing them with 
those of the surface samples, and with those of the samples collected outside the path of 
the sewage, it becomes evident that the bottom water even when only 2 to 4- feet 
below the surface and in the path of the sewage for a distance of at least 100 yards, 
is but slightly affected by the sewage from the outfall. 


On referring tothe aeration of the samples which had been collected a hundred yards 
below the outfall, and in the path of the sewage, and after they had been kept out of 
contact with the air for seven days, it will be noticed that it amounts to 5°35 cc. oxygen 
in the bottom sample, and 4°8 cc. oxygen in the surface sample, per litre. It will be 
seen from these figures that the pollution caused by the sewages from the outfall at 
only 100 yards distance is extremely slight, and well within the suggested standard 
for the second class of tidal waters already referred to. 


The analytical results recorded in Table 8 indicates a similar freedom from serious 
pollution of the estuary waters during the fifth hour of the spring ebb tide in calm 
weather. — 


It is evident therefore that the discharge from this outfall could be allowed under 
existing conditions in accordance with the suggested standard for the second class of 
tidal waters but for the fact that the samples contained solids in suspension to an 
extent which is inadmissable under the standard, and although the solids are too light 
to form permanent accumulations anywhere, they do form temporary deposits along the 
closely adjacent shore under the south wall with northerly winds during the lower 
states of the tide. It is true that they are broken up and widely dispersed by the 
ensuing flood tide, but consisting, as they do, of paper, vegetable débris of various 
kinds, corks, cinders, and other floating matters inseparable from domestic sewage, they 
are most unsightly, if not actually offensive, and they should not be allowed to be 
discharged with the liquid sewage from the outfall. The authors believe they could be 
sufficiently removed by means of good revolving wire screens of fine mesh, the 
installation of which would not necessitate the outlay of a large sum of money. 


C. 
ROYAL COMMISSION ON SEWAGE DISPOSAL. 


Section on the Liffey Estuary. 
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Figs. in blue from Table 6. 
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D. 
ROYAL COMMISSION ON SEWAGE DISPOSAL. 


Section on the Liffey Estuary. 



































Absorption of dissolved oxy- 
gen, by pollution, in per centage 
- of saturation : 















Figs. in red from Table 1s 
Figs. in blue from Table 8. 











Figs. enclosed in circles de- 
note bottom samples. 
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Solids in Suspension.—The solids in the bottom water samples were of a light 
granular character, those in the surface water samples were of a very fine granular 
character with occasional pieces of light flocculent matter. 


‘GENERAL CONDITION OF THE Estuary Waters at Low TIDES AND IN 
CALM AND Dry WEATHER. 


(a) Spring Tides. 


Some of the samples, the analyses of which are recorded in Table 8, show the 
condition of the estuary waters both above and below the townships’ outfall during an 
exceptionally low spring tide. 


Samples 2 and 3 were collected 4% hours after high water, 15 feet below the 
surface and at the surface respectively, in the deep water channel at a point 1,122 
yards below the Pigeon House Harbour (fig. 1) and a short distance above the outfall. 
Samples 7 and 8 were collected 30 minutes later, near buoy No. 1, 14 feet below the 
surface and at the surface respectively. The points where these, and the other samples 
which will be referred to, were collected, will be found marked upon the map which 
accompanies Table 8, Buoy No. 1, is about 1,870 yards below the Pigeon House Harbour. 
Samples 9 and 10 were collected opposite the Pigeon House Harbour from the bottom 
(14 feet. below the surface) and from the surface, respectively, of the deep water 
channel, 72 minutes later than samples 2 and 3, and a few minutes before low water at 


Dublin Bar. 


The volumes of carbon dioxide, oxygen and nitrogen in these three sets of samples, 
after they had been kept 4 to 5 days out of contact with the air, clearly show the 
influence of the Dublin sewage upon the bottom and surface waters of the estuary, 
thus :— 


























Bottom Samples. | Surface Samples. 

vice Carbon | Nitro- | Oxygen in| Carbon | Nitro- Oxygen in 

No. | Dioxide. | sen, | Per cent-of | NO. hat ieicidis en, | ber cent. of 

SRL AOE BS panation® | y gen. | saturation. 
Opposite the Harbour -| 9 513 | (143 86-4 10 72:6 16°5 9-9 
1,122 yardsbelow , -| 4% 51-4 | 14:8 O19 3 62:1 15:5 60-7 
1,870 yards below ,,_—- i 51:0 14:3 93°3 8 56-0 14:8 89°6 

| 











These figures show that the bottom waters of the estuary along the deep water 
channel are fairly uniform in composition, and are but slightly polluted from abreast of 
the Pigeon House Harbour downwards, even during a state of the tide when the volume 
of sea water is at a minimum. The samples collected abreast of the Pigeon House 
Harbour show a loss of oxygen amounting to only 13°6 per cent. of that required for 
saturation, after having been kept out of contact with air for five days. The figures 
for the surface sainples, on the other hand, exhibit considerable differences in composi- 
tion and in degree of pollution. Thus, opposite the harbour, the loss of oxygen 
amounts to 90°1 per cent. of saturation, after keeping the sample out of contact with air 
for five days, whilst 1,122 yards lower down the loss amounts to 39°3 per cent., and 
748 yards still farther down the deep water channel it is only 10°4 per cent. 


» 


The other determinations recorded in Table 8 confirm these conclusions. Thus 
the amount of dissolved nitrogen in the bottom samples is practically uniform, showing 
that the ratio of fresh water to sea water was very similar in all three samples, whilst it 
differs considerably in the surface samples, indicating a large difference in the relative 
quantities of river water and sea water. 
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It is possible to estimate, with close approximation to the truth, the ratio of mixed 
river water and sewage to sea water in each sample from the figures giving the 
quantities of total solids, taking the total solids of mixed river water and sewage at 
50 parts, and of the sea water at 3,655 parts per 100,000, thus :— 




















Bottom Samples. Surface Samples. 
Preah og Ratio of river Ratio of river 
No. of Total solids. | water to sea ag ‘k Total solids. | water to sea 
SS water. Steer ta water. 
Opposite the Harbour -~— - 9 3,098 ps ye ice 929 a7 
1,122 yards below ,,_ - - 2 3,169 1:6°4 3 1,829 Ll 
1,870 yards below ,,_ - - rs 3,401 is 8 2,602 1:2:4 





The foregoing tabular statements become all the more instructive when it is remem- 
bered that the Pigeon House is fully two miles below the outfalls of the principal 
Dublin sewers. It is apparent from the data which they afford, that in calm weather 
the mixing of the sewage and river water with the sea water takes place extremely slowly 
in'a downward vertical direction, but more rapidly in lateral directions. 


(b) Neap Tide. 


The samples recorded in the ensuing Table 9 were collected at low water, and at 
the commencement of the flood, of a neap tide, in perfectly calm and dry weather 
conditions. 5 | 


Particular interest attaches to the analyses of these samples, because it is generally 
believed by those intimately acquainted with the estuary that large quantities of sewage 
remain within the estuary at low neap tides, and that in addition considerable quantities 
are brought back into the estuary with the ensuing flood tide and are carried over to the 
Clontarf strand. The samples were collected from the lower portions of the estuary 
with the special object of ascertaining whether there are any real grounds for this 
belief. The atmospheric conditions were all that could be desired for the purpose. ‘The 
weather was quite calm and had been so for some time previously, and it was dry and 
frosty. 

TABLE 9.—ANALYSES OF SAMPLES OF ESTUARY WATER COLLECTED AT Low Water (NEAP TIDE), AND 
AT THE COMMENCEMENT OF THE FLOoD TIDE, FEBRUARY 9TH, 1900. 
High water 5.24.a.m. Weather dry and frosty, and quite calm. 





Casequs“ponsiijuents: 25, Other constituents ‘as parts by 


Bete. oe e Na weight per 100,000 parts of water. 


SURFACE SAMPLES. : 
Nitrogen as 





No. Where collected ; ; fe 3 
description. =F Geen FI s a : 3 3 
a ae ei a) © = o “3 = <2) 
aS oO coe an S) e =| Pa — 
© 3h st) oS iS) = s ar 6) 3 
= ie oak Pe eR EM Eee Be 
B Poa y oo Vaal =e <{ “a -) o a 
! . 
ays. 


1 | Below Outfall, two-thirds 

the way down, near . 
South Wall, at 11.25a.m. | 10 | 69-09 | 4-71 | 40-53.| 15-84 | -050 | -068 | -028 | 1,094 | 2,096 
2 | Below Outfall, two-thirds | | 
the way down in mid- 
stream, at 11.30 a.m. -} 10 |59-97 | ‘5-91 {18-45 |14-49'| “025 | -048 | -029 | 1,419 | 2,709 
3 | Below Outfall, near Bull 
Lighthouse and within 
the harbour at11.40am,} 10 | 53°84] 6-04 [12:97 |13-91 | -003 | -037 | +033 | 1,627 |3,150 
4 | Below Outfall, mid-channel 
and between  Light- 
houses, inside Harbour, 

at ll45amt - -| 10 |58:03 | 5-75 | 20-91 |14:54 | -012 | -026 | -036 | 1,522 | 2,926 








* See footnote, Table 5. + The flood tide had just commenced to set in at this time. 
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TABLE 9.—Analyses of Samples ot Estuary Water collected at Low Water (Neap Tide), and at the 
commencement of the Flood Tide, February 9th, 1900—(continued). 





Gaseous constituents ex- Other constituents as parts by 
pressed as volumes at N.T.P.) weight per 100,000 parts of water. 
per 1,000 volumes of water. 


SURFACE SAMPLES. , 
Nitrogen as 








na 
Where collected ; aE * : o 
description 5! , | os 5 3 ra ¢ "S 
: “ = = q 2 o [=| oO cS = TM 
Or = on on = a = 1 = 
© ae a0 a 2 & eS 3 S 3 
Net So 4 oo Fama) Fae! H a ° 
E+ OA © A AY A <q q oO © H 
Days. 





5 | Below Outfall, near Poolbeg 
Lighthouse, within the 
Harbour, ‘at 11:50: arm. | 11 °/54:50 | 5°77-| 17-28 | 13-95 |°-010 } "021 | °044 | 1,631 | 3,166 


6 | Outside Harbour, to North 
and close to the Bull 
Lighthouse, at 11.55 a.m. 11. |49-81 | 6:27 | 7-74 {13-60 | -005 | :020 | ‘025 | 1,768 | 3,402 


7 | Below Outfall, inside Har- ; 
bour, near Bull Light- 
house, at 12.12 pm. -| 12 {53-41 | 6°08 |12-77 |13°94 | -005 | -017 | :035 |1,680 | 3,266 


8 | Outside Harbour, to North 
and near Bull Light- 
house, at 12.16 pm. -| 12 {48-79 6-17 | 886 |13-54 | -002 | -019 | -036 | 1,785_ 3,475 


9 | Inside Harbour, in mid- 
channel between Light- 
houses, at 12.20 p.m. -/ 12 |56°75 | 5:81 |18-91 |14:33 | -007 | -028 | -023 | 1,533 | 2,997 


10 | Inside Harbour, near Pool- 
beg Lighthouse, at 
12.25 p.m. - - =| 12 54-73-41 B AO P2104 13°99 008% 1-033 | '°043°) 1,640 3,213 


11 | Midway between the Out- 
fall and Lighthouses, 
near South Wall, at 
12.35 pm. - - -| 13 |68°74 | 4:81 | 38:17 |15°56 | -020 | -055 | -040 |1,026 | 2,001 


12 | Midway between the Out- 
fall and Lighthouses, in 
mid-channel at 12.42p.m.| 13 |58°71 | 5°58 | 22°50 |14:40 | -004 | -046 | :038 | 1,444 | 2,826 


13 | River Liffey, above Chapel- 












































izod- - 17 142-68 15:20. 88°30°115-59 | 004 | -037 | -045 | 1-26 18 
- 14 | Mid-channel, abreast Pigeon| Hours. | 
Houset - - -1? 24 1162-4] | 3-70 |49-07:/14-53 | -020 | -*090 | -033 11,575 | 2,439 

15 | Mid-channel, between the 
Lighthouses} - =|. 28 75156 1 6756.) 9924,/13°57 | -010 |) -005 | -011 11,750 | 3,33& 


16 | North of Channel, abreast 
Pigeon House, at half 
flood tide (H.W. 12 
p.m.) S.W. wind, 29th 
March, 1899 - - -| 28 |48-11 | 6:29 | 1-70 |12°52 | 0-02 [0-015 | 0-01 | 1,750 | 3,328 


17 | Ditto at low water, 1st | Days. | 
April, 1890, West wind 7 {519° | 4°92) 21-7 |12-57 | 0-01 | 0-015 | 0-01 |1,730 | 3,328 
































* See footnote, Table 5. 

+ The flood tide had well set in at this time. 

{ These samples were collected on March 24th, 1899: the first, 5 hrs. 50 m. after-high water; the 
second, 25 minutes after low water. Weather extremely dry, fresh west wind. 


The tidal movements of the water were plainly shown by the movement of the 
light cinders which floated on the surface of the water both inside and outside: the 
Harbour. There was no other movement of the water to disturb them: Both air.and’ 
water were perfectly calm. 


The more important of the foregoing analytical results are grouped in the following 
tabular statement in a manner which shows at a glance the composition and degree of 
pollution of the surface waters in different parts of the estuary below the Pigeon House. 


It will be observed that the loss of oxygen from pollution in the samples collected 
from the surface of the deep water channel in no case reaches 23 per cent. notwithstand- 
ing the fact that the samples were kept out of contact with the air for 10 to 13 days. 
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Such a loss would not have shown itself if the samples had been exposed to the air. It 
may therefore be concluded that the pollution of the surface water of the channel in the 
estuary during a low neap tide is so slight that it can only be ascertained when the water 
is subjected to the most rigorous conditions for the detection of pollution. 


If this be true of the surface water it may also be inferred from the evidence 
afforded by Table 8 that the bottom water of the deep water channel of the estuary 
is practically unaffected by the Dublin sewage. 


It is plain also that the incoming flood tide does not bring back sewage matters to 
an appreciable extent into the estuary and carry them on to the Clontarf strand. As a 
matter of fact the surface water on the Clontarf side of the deep water channel happens 
to have been the least polluted of the estuary waters during most of the occasions on 
which they have been examined. The results of analysis of the waters of the estuary 
therefore confirm those of the analysis of the bed of the estuary which have already 
been considered, pp. 277-279. 


When Carbon | Nitro- | Deste*| ‘Total Ratio of 


collected. dioxide, gen. iio] Solids. Icon water 


| CT TT | | | $s SE __  __ | 


No. Where col ected. 


Deep-water Channel. 





21 | 1,930 yards below Pigeon House Harbour | At low water.| 60-0 | 145 | 184 | 2,709 | 1: 2-9 
12 | 1,450 7 3 ; 70 minutes | 58-7 | 14-4 | 225°) 99,8267)" 1: 3-4 
later. 
Shallow water, South of Deep-water Channel. 
1 | 1,930 yards below Pigecn House Harbour | At low water.| 69-1 15°8 40°5 2,096 13 
11 | 1,450 y * 70 minutes | 68-7 | 15°6 | 38-2 | 2,001 | 1:12. 
later. E 
Mouth of Harbour. ~ 
3 DOr side of Channel _—_—- : last atthe 53°8 13°9 13:0 3,150 1: 6:0 
4 |- Mid-channel - - - - turn of the 58-0 14:5 20°9 2,926 1: 40 
5 |( South side of Channel - ~~ fide. 545 | 139 | 173 | 3,166 | 1:63 
7 | ( North side of Channel : - 53-4 139 12°8 3,266 1:83 
9|{Midchannel - - - - $0 nutes 11 56-7 | 14-3) 18-9 | 200 ieee 
10 | \ South side of Channel - z 54:7 14:0 21:9 3,213 Lie oe 
Outside Hartour. 
( 30 minutes 
6 | North side of Channel 3 < after low 49-8 13°6 Ea 3,402 1: 14:0 
| water. 
8 | North sideof Channel - ~~ - | LY each 488 | 135 | 89 | 3,475 | 1: 20-0 











* See footnote, Table 5, p. 284. 


Further evidence in support of these statements will be found on referring to the 
analyses of the two surface Samples 16 and 17 recorded in Table 9. Tuese samples 
were collected from the north side of the deep water channel on March 29th and 
April 1st of the preceding year (1899). The former sample was collected during a half 
flood spring tide, and the latter at low water, both abreast of the Pigeon House Harbour. 
The half flood tide sample after having been kept for 28 hours showed a loss of oxygen 
amounting to 17 per cent. of the volume required for saturat‘on, and the low water 
sample a loss of 21°7 per cent. of the saturation volume after having been kept out of 
contact with air for 7 days, | 


_ _ Reference to the results given for the Samples 1 and 11 in the tabular statement, 
and for 14 and 15 in Table 7 shows that the most polluted portion during low neap 
tides 1s the shallow portion to the south of the deep water channel stretching from the 
Pigeon House Harbour to the Poolbeg Lighthouse. | 







E. 
ROYAL COMMISSION ON SEWAGE DISPOSAL. 
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Samples 14 and 15, Table 7, were collected 7 feet below the surface, and 
at the surface, respectively, of the shallow water lying between the south wall and the 
deep water channel, and abreast of buoy No. 2, fig. 1, p. 272, about 45 minutes before 
low water at Dublin Bar. The point referred to will be found marked on the map which 
accompanies the table. The surface water sample shows a loss of 56°8 per cent. of 
the saturation volume of oxygen, after having been kept for 11 days out of contact with 


the air. 


The more highly polluted condition of the shallow water on the south side of the 
deep water channel during low neap tides is no doubt due to the current of ebbing water 
from the Clontarf strand, which causes a deflection of the polluted surface water of the 
channel on to the shallow water referred to. 


(c) Average Tide. 


The analyses recorded in the next Table, 10, indicate the condition of the estuary 
waters during the last two hours of the ebb average tide, in dry weather and with a very 
light west wind. The results confirm those of the preceding tables, and with them 
prove that the combined polluting effect of the sewages from Dublin and from the 
Rathmines and Pembroke townships upon the estuary waters abreast and below the 
Pigeon House Harbour is well within the standard of impurity which has been suggested 
for second class tidal waters, at all stages of the tide and at all tidal seasons, during 


calm and dry weather.* 


On comparing the analysis of Sample 10 with that of Sample 10 in Table 8, the 
difference in composition of the surface water abreast of the Pigeon House Harbour 
during low water of different tidal seasons can be seen. Both samples were collected 
in calm dry weather at 4 p.m. and at 5.26 p.m., respectively. The former sample 
contained a smaller proportion ofriver water. The ratio of river to sea water was 1: 
2 as compared with 3: 1 for the latter sample (compare also Sample 14, Table 9). 


It may also be seen from this table that there is no tendency of the polluting 
matters to accumulate on the south side of the deep water channel during a low average 
tide in calm weather. This is no doubt due to the fact that the ebb tide runs more 
strongly from the south side at average tides than at neap tides (compare Samples 8 and 
9, Table 10, with Samples 1, 2, 11 and 12, Table 9). 


TABLE 10. ANALYSES OF SAMPLES OF ESTUARY WATER COLLECTED DURING THE Last Two Hours oF 
THE EBB (AVERAGE TIDE), FEBRUARY 12, 1900. 


High water 10.3 a.m. Weather dry and frosty ; very light West wind. Strong N.-E. winds and rain two days 
























































previously. 
ee ong ca eons a5: Other constituents as parts by weight per 
pressed asvolumes at N.T.P. 100.000 UN des ual 
: parts of water. 
per 1000 volumes of water. 
SURFACE SAMPLES, ; Sal dein 
No. ise he suspension 
Where collected ; ; oe a 
description. ry swldier ss : S : Re : 
a igo.) Bee eee cl Pog syle gg. |x 
Sat SBM: (BR. eee oe A Be bite, DME wile csene. Boe iis 
Bee eae ee) eat | ee oles Ss [ee 
BR |OAR | oOrlAa1 4 | 4r 44.0 |.o. |e) 4 | o 
1 | Over Outfall, at 2.52 | hrs. 
p-m. . Decidedly 
turbid - -| 23 | 83°98 | 2°16 | 71-78 | 15-31 | -440 |°560 | -910 | 999 {1,986 |2-940 | 6-410 
2| 200 yards below 
Outfall, in path 
of sewage, at 2.56 
p.m. - - -| 48 | 62-74 | 3-80 | 46°68 | 14-26 | -160 |:120 | -310 |1,453|2,814] -634] -926 
3 | About 300 yards 
below Outfall and 
in path of sewage, 
3.2 pm. Dis- 
tinctly turbid -| 25 |56-98 |5-74 | 19-94 |14:34 | -125 |-030 | -185 |1,610/3,109| -615| -885 
* See Section 1, p 91. a 
7 See footnote, Table 5. 
2K 
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Taste 10.—Analyses of Samples of Estuary Water collected during the Last Two Hours of the Ebb 
(Average Tide), February 12th, 1900.—continued. 














Gaseous constituents ex- F oes 
pressed as volumes at Other constituents as parts by weight per 
N. T. P. per 1000 volumes 100,000 parts of water. ; 
Pp Pp 
9 of water. 
SURFACE SAMPLES: jn. 4 F cate 
No. : itrogen as ; olids in 
Where colle oted ; kept. suspension. 
description. ers ; . 
f | 3 Sees ee Be ee ee 
Ero o | oe a0 EOr9| 18 =| iE olta.Sd = |co 
20] B/G2)°2 | HE) & | 6 eee 
NE Ww | os = | om ne a Ilom | a OO 
5A|/61@8)| & |.4 | 21 6-9 6 la oie 
hrs. 


4 | About 300 yards 
below Outfall, in 
mid - channel, at 
3.6 p.m. Faintly ner 
turbid - - | T1 | 54-65 | 6-13 | 13°33 | 14:13 | -020 |-020 | -044 |1,540 2,928] Traces. 


5 | Near Bull Light- 
house and within 
the harbour, at 
3.15 p.m. Faint- : = 
ly turbid. 72 | 51-97 |6-27 | 9:91 | 13°93 | -010 |-018 | -036 {1,680 |3,290| ‘Traces. 


6 | Mid - channel, _ be- 
tween Light- 
houses, at 3.19 , 
p.m. Faintly tur- | 
bid - . -| 96 |51°68 16°23 | 8-88 | 13-67 | -008 |-022 | -030 {1,705 |3,354| Traces. 


7 | Near Poolbeg Light- 
house and within 
the Harbour, at 
3.23 p.m. Faintl , . cod 
turbid - -| 97 {50°94 | 6-45 | 5°15 |13:59 | -005 |-022 | -036 {1,740 3,359) Traces. 


8 | About mid-way be- | dys. 
tween the S. wall 
and the Light- 
buoy 1, at 3.35 
p.m. Quiteclear. | 11 | 51-94 | 5-85 | 13°84 | 13°58 | -003 | -02 


9 | About 150 yards to 
the N.E. of the 
Outfall, at 3.40 
p-m. Quiteclear. | 11 | 55-78 | 4°84 | 22-96 | 13°83 | -030 |-037 | -056 {1,610 |3,088| Traces. 


10 | Above Outfall, mid- 
channel, opposite 
the Pigeon House p 
Fort, at 4.2 p.m. rae 
Quite clear - - | 11 |67-22 |0°69 | 90-66 |14:79 | -048 |-051 | -082 |1,260|2,387;} Traces. 





1,726 |3,336| Traces. 


© 
So 
tS 
oO 





* See footnote, Table 5. 


CONDITION OF SURFACE WATERS OF THE ESTUARY IN WET WEATHER. 


Table 11 contains analyses of a series of samples which were collected durin the 
fifth hour of the ebb of a neap tide in calm but very wet weather. On comparing them 
with those in Tables 8 and 9 it will be found that wet weather exercises a marked 
influence on the surface waters of the estuary in increasing the quantities of ammonia, 
nitrates, organic nitrogen and carbon dioxide, as well as raising the ratio of fresh to 
sea water therein. Sample No. 3, which was collected from a portion of the estuary 
surface more particularly affected by a fresh water current, strikingly shows this 
Table 10) (Compare alsé Sample No. 6 with the sample of the same number in 
Table 10. 


With heavy rains the sewage from the townships outfall also becomes charged 
with fine clay and sand which impart a yellow muddy appearance to the waters of the 
estuary along their path (see Sample No. 1). 


ae 


295 


TABLE 11.—ANALYSES OF SAMPLES OF ESTUARY WATER COLLECTED DURING THE FirTH Hour oF THE 
Epp (Neap Tipe), JANUARY 11, 1900. 


High Water 7.7 a.m. Weather very wet; the air quite calm and foggy. 





Gaseous constituents ex- 
pressedasvolumesat N.T.P. 
per 1,000 volumes of water. 


Other constituents as parts by weight 
per 100,000 parts of water. 





SURFACE SAMPLES. | ° 
No. wi ee ame 
. Where collected ; kept. 
description. | 


Nitrogen as Solids in 


Carbon 
Dioxide 
Oxygen. 
Degree of 
Pollution* 
Nitrogen. 
Ammonia. 
Nitrates 
Organic. 
Chlorine. 
Solution. 
Suspen- 
sion. 











Sewage (Table 4, 
No. 3) -  -| 5 hrs, {127-60 |. 4:02 
Over Outfall, at 
11.30 am. Very 
turbidfrom clayey 
matters in suspen: 
sion. Odourless -| 4 ,, | 87°40| 4:77 


100 yards above 
Outfall, near buoy 
2;,,at 11:35 a.m, 
Distinctly turbid. 
Odourless. Traces 
of fibrous matters 

_in suspension =; 23. ,, | 58:27] 6°36 


300 yards below 
Outfall, at 11.38 
a.m., near channel 
and to north of 
path of sewage. 
Distinctly turbid. 
Traces of fibrous 
matters in suspen- 
sion - - =| 24 5, |-66°93. ("6772 


About 300 yards 
below the Out- 
fall, nearer to 
path. of sewage, 
at 11.40 am, 
Distinctly turbid. 
Odourless. Traces 
of granular matter 
in-suspension — -| 27.,, | 60°93} 6-38 


Below Outfall, be- 
tween the Light- 
houses, nearer to 

ath of sewage. 
Slightly ~ turbid. 
Odourless, at 
11.47 am. - -+46,, |,60°41] 6°31 


At mouth, midway 
betweenthe Light- 
houses, at 11.50 
a.m., where tide 
was running 
strongest. Sim1- 
lar in appearance 
to. sample 79 -|48,, | 61:04) 6°34 


| Midway _ between 
the outfall and 
the Lighthouses, 
at 12.10 p.m. 
.. Distinctly turbid, 
Traces of fine 


granular matter . 
In supension + +} 29, 5,\) 61:21} 6°09. /15°53 |. 14:42.) -035 


34:0 


= 
< 
© 


| 16-21 |1:100 


2 
S 
ra) 


-605| +350 


37-22 -600 | -490] 180} 665 |1,332 | 14:2 









9-79 | 14-10 -055| -054 | 1,313 | 2,710 | Traces. 


13-07 | 15-46 -096| -060 | 669 | 1,406 | Traces. 


14-02 | 14:84 | 020] -070| :050 Traces. 











12-07 |14:50 | 022] -073] -054 | 1,173 }2,350 | Traces. 





14:70 | 015] -090} -061 | 1,124 | 2,236,| Traces. 








065; $1,173 | 2,346 | Traces. 





070 








* See footnote, Table 5. 
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(ONDITION OF THE EsTUARY WATERS DURING WESTERLY GALES. 


The two analyses recorded in Table 12 are instructive as illustrating the influence 
of high winds in effecting a much more thorough mixture of polluted river water with 
the tidal water of the estuary than that which occurs in calm weather. Both samples 
were collected in a westerly gale which had been blowing for the preceding twenty-four 
hours, and they were kept for twenty-eight days out of contact with the air, with the 
result that they were completely fermented before analysis. The analysis of Sample 
No. 2 from the channel shows that notwithstanding the fact that it was collected at low 
water at noon (when both the volume and foulness of the Dublin sewage might be taken 
at their maximum), with the wind blowing from the west, that is from Dublin and 
down the channel, it only lost 11°63 per cent. of the oxygen saturation volume after 
twenty-eight days’ keeping, and that it consisted of a mixture of one part river water 
to fifteen parts of sea water. a Wi: 


Among the calm weather samples which have been recorded, perhaps that most 
comparable with this sample is Sample No. 3, Table 8. This sample showed a loss of 
39°28 per cent. of the oxygen saturation volume, after having been kept for four days, the 
ratio of river to sea water being as 1:1. Sample No. 1 was collected from the surface 
of the shallow water between the south wall and buoy No. 2. The calm weather bottom 
and surface Samples Nos. 14 and 15, Table 7, were also collected from about the same 
spot, but they are not quite comparable with it since they were collected about forty- 
five minutes before low water, whereas the stormy weather sample was collected at low 
water. But even with this difference in favour of the former sample, the analyses show 
how comparatively restricted on the one hand is the mixture of the polluted river water 
with the tidal water in calm weather, and how much more general on the other hand is 
their mixture in stormy weather. The calm weather sample No. 15 is shown by the 
analysis to have been a mixture of one part of polluted river water with three parts of 
tidal water, and the bottom sample No. 14 a mixture of one part of the former with 
four parts of the latter, while the stormy weather sample was a mixture of one part of 
polluted river water with fifteen parts of tidal water. 


TABLE 12.—ANALYSES OF SAMPLES OF ESTUARY WATER COLLECTED AT Low WATER (NEAP TIDE), 
JANUARY 26TH, 1900. 


= 


Weather showery ; very high West Wind. High tide 6.6 a.m. 





Lie dg gOS re Other constituents as parts by weight 























pressed as volumes at N.T.P. 
ee e per 1,000 volumes of water. per 100,000 parts oh waar 
| SURFACE SAMPLES. 
ee eats 
Where collected ; | Nitrogen as Solids in 
description. = ere es 
5) a & <8 g = na 3 be | ' 
4 Ed ® ee aN } 8 vs 5 = = 
2 ree of HS © = S 3 5 =) ee 
: Ege) | 2S] 2 1 8! S| 1 Uae 
ay AH }/OA}] Oo 1AM] A oe a |= o R De 
Days. 


1+ | Above Outfall, mid- 
way between the 
S. Wall and the 
buoy 2, at 12.7 
p.m. - - - | 28 | 49°66 | 4°86 | 29°51 | 13°79 |-001 |-020 | -024 | 1,743 | 3,422 | traces. 


27 4 Above Outfall, near 
buoy 2, in mid- 
channel, at 12.18 
‘p.m. - - - | 28 | 49°60 | 5°81 |11-63 | 13:15 |-001 |-013 | -012 | 1,747 |3,419 | traces. 


























* See footnote, Table 5. + Both samples were clear and free from turbidity when analysed. 
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CONDITION OF THE WATER OF THE RIVER AND Estuary IN 1904 anv 1905. 


A second examination of the estuary was made by the same author during the 
eee, es July, 1904, and in this survey the waters of the tidal portion of the river were 
included. 
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This examination was specially made for this report with the courteous assistance of 
Mr. J. P. Griffith, M.Inst.C.E., Engineer to the Dublin Port and Docks Board, who 
very kindly placed a steam launch at his disposal for the purpose. One of his assistants, 
Mr. J. W. Griffith, M.Inst.C.E., also accompanied him and kindly rendered material 
assistance in selecting typical points for taking samples and in taking observations. 


A third examination of the condition of the estuary waters, abreast and below the 
Pigeon House, was made in April, 1905. As it was confined to the estuary it will be 
convenient to deal with it first. The samples collected and the results of their analyses 
will be found in the succeeding Table 13. 


TABLE 13.—ANALYSES SHOWING THE DEGREE OF POLLUTION IN SAMPLES OF EsTUARY WATERS, WHICH 
WERE COLLECTED ON MARCH 22ND, 1905, DURING THE FIFTH HOUR OF THE EBB OF A NEAP TIDE, 
AFTER KEEPING THEM FOR TWENTY-ONE DAYS OUT OF CUNTACT WITH THE AIR (Adeney). 


High Water 5.34 a.m. Wind strong from the W.SW. Weather fine. 


Dissolved Gases expressed in volumes at N.T.P. per 1,000 volumes of Water. 

















id When Carbon Degree of . 
Callecredtee te Diecdan | oie st Pollition nee 
1. Sewage from bottom of Penstock 9.55 a.m. 113°9 2°27 — 16°5 
Chamber. 
2. Vertically over the Outfall - - 10.0 a.m. 82°4 4:8 7 35°14 14:80 * 
3. Abreast Outfall, Mid-Channel - 10.3 a.m. hdd dosed | 3°9 39°26 12°84 
4. Abreast Outfall to north of -10.8 a.m. 50°6 4:7 27°88 13-0 
Channel, near Beacon. 
5. Midway between Outfall and 10.25 a.m. 51:56 4-4 34:00 P3165? 
Mouth, to south of Channel. 
6. Ditto, Mid-Channel - - -| 10.28a.m. 50:97 4-0 37-70 12°84 
7. Ditto, to north of Channel - - 10.33 a.m. 52-02 4°53 Vb 13:08 
8. Immediately above Poolbeg Light, 10.43 a.m. 49°97 4:53 29°55 12°68 , 
to south of Channel. 
9. Ditto, Mid-Channel = - - - 10.46 a.m. 49°46 4-4] 3 aye 12°89 
10. Immediately above Bull Light, to 10.49 a.m. 51°60 4°05 36°32 12°72 | 
north of Channel. 








All the samples of Estuary Water contained minute traces of finely divided matters in suspension. 
* See footnote, Table 5. 
+ These samples were analysed within six hours after collection. 


The weather conditions were such as to give rise to a maximum polluting effect by 
the sewage both from Dublin and from the townships upon the waters of the lower 
portion of the estuary. It was dry, and a strong wind was blowing diagonally across 
the estuary from the W.SW.; the samples, moreover, were collected in the morning 
when the sewages were probably at their maximum strength and volume. 


On reference to the results of analysis it will be found that the samples, with the 
exception of the one which was collected directly over the outfall and which was 
analysed without delay, were all kept 21 days out of contact with the air before they 
were examined. The maximum polluting effect by the Dublin sewage is shown by 
Sample 3 which was collected from the surface of the deep water channel abreast of the 
townships outfall. The de-aeration caused by pollution in this sample amounted to 
39°3 per cent. of the oxygen saturation volume. The de-aeration of the corresponding 
Sample 4 which was collected to the north of the channel, and abreast of the outfall, 
was distinctly less, viz., 27°9 per cent. of the saturation volume. 
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The analyses of the remaining Samples 4 and 5 illustrate the combined polluting 
effect. of the sewages from both sources. The portion of the estuary most affected by 
them will be found on reference to the results to be where Sample 6 was taken, that is 
from the surface of the deep water channel midway between the townships outfall and 
the mouth of the estuary ; and the portion next in order of pollution is shown by Sample 
10 to be north of the channel immediately above the Bull Lighthouse. ‘The former 
sample showed a pollution which caused a de-aeration amounting to 37°7 per cent., and 
the latter sample a de-aeration amounting to 36°3 per cent., of the oxygen saturation 
volume. om 


It is again evident from these results that the combined polluting effect of the two 
sewages from Dublin and from the townships would have had a scarcely appreciable 
effect upon the aeration of the lower estuary waters had they been examined immediately 
on collection, since the rate of re-aeration, as shown in the section on Chemical Changes, 
etc., p. 65, for a mixture of equal parts of fresh and salt water would be greater 
than the rate of de-aeration shown by any of these samples. 


In Table 14, analytical results are given which reveal the state of aeration of the 
surface and bottom waters of the tidal portions of the river, as well as of the estuary, 
afew hours after collection on several days during the month of July, 1904, at different 
tidal seasons and at different states of the tide, and further under weather and wind 
conditions precisely opposite to those which prevailed when the first series of samples 
were collected in the year 1900... The weather was more.or less wet, and high winds 
prevailed more or less from the east, that is from the direction best calculated to retain 
the polluted river waters within the harbour and so to bring about the maximum pollu- 
ting effect by them of the tidal waters. mur 


On reference to the results recorded in the table, it will be found that the aeration 
of the bottom samples from the river was found in one ease only to be below 60 per 
cent. of the oxygen saturation volume, viz., in the case of the Sample No. 13 which was 
collected at the mouth of the Dodder and kept 25 hours out of contact with air before 
analysis. It is obvious however from the results of analysis generally of this and of 
other samples recorded in the same table, that the exceptionally large reduction of the 
aeration of this sample must have been due to the absorption of oxygen by easily 
oxidisable solid substances, e.g., ferrous sulphide,* from the bed of the river, which, as 
already shown, is very foul at this point, and from which masses of black mud rise from 
time to time to the surface of the water and become disseminated through it. This 
conclusion is warranted by several-considerations.. The chlorine determinations prove 
that the sample very largely consisted of sea water, while the polluting matters were 
borne by fresh water. The quantity of ammonia in the sample also shows that it could 
not have contained more than 1 per cent. of liquid sewage of the strength of average 
town sewage, and the results which are given in the section just referred tof for the 
de-aerating effect upon fully aerated waters of different proportions of sewage show that 
so small a proportion of sewage is insufficient to account for such a large reduction of © 
aeration in so short a time. The analyses moreover of other samples polluted by about ~ 
similar quantities -of liquid sewage matter, and recorded in ‘the same table, indicate 
feerees 7) aeration much higher than this particular sample. (Compare «Nos. 9, 
10 and 17. but 


Of the surface samples only five of them would be condemned by the suggested 
standard for second class tidal waters ; they are Nos. 12, 13, 16, 22 and 28. A careful 
examination however of the general results of analysis of these samples leads to the 
conclusion that the low, degree of aeration of them was largely to be ascribed to the 
absorption of oxygen by easily oxidisable solid matters in suspension, and not by fer- 
mentative changes of sewage organic matters in solution. | , 





* Section on Chemical Changes, etc., p..65.. + Ilid., p. 65. 
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TABLE 14.—ANALYSES SHOWING THE POLLUTION AND PERCENTAGE OF AERATION IN SAMPLES OF THE 
TAL AND Non-TipAL WaTERS OF THE LIFFEY, COLLECTED IN JULY AND NOVEMBER, 1904 (Adeney). 


Gaseous Constituents expressed in Volumes at N.T.P. per 1,000 Volumes, and other Constituents in Parts by 
Weight per 100,000 Volumes of Water. 



















































































a mH 
Fa ro a5 ole B sy 
S oe a es =a ; ore i. 
age Description of | 8 = = s tae Be tad! ee: Soe 
oe Samples. 2 ms ° : Beg 55 50 EB lenslaos 
“2's, Pp fot Ser = hae re} * o-5 on ro) bay Gi a. & 
Ee) & gS! £ si 1 2 Bee B | pike pet oBhowiée | be Bis 6 
Anl A ax/ES| & Ere OA |S: (2) 6) a6 88 
) a.m hrs. 
1 | July 12) Abreast Martin’s a 
Ferry/Steps —- | 17-5) 10.7 | ¢hr.ebb/ E.S.E.| 5 | 53°75 | 3-04) 1150 |1593/-063 | 53:1 
2 & Ditto, 30 ft. below : | 
surface + BARD UT Ee Fr is 6 || 47-56 | 3°65) 10°83 |1902)-026 | 67-4 
3 iy Abreast Figen gly pane ; } 
House - 17-3] 12.0 2, a 5 | 45-08 | 5-70] 11-40 |1802|-016 | 100-0 
4 - Ditto, 244 ft. below 
surface -  - |17-0| a a 5 | 42:50 | 5-74] 11-08 |1917|-008 | 100-0 
5 \ Between | Poolbeg 
and Bull Light- 
. houses. -  - | 16-4| 12.15/23 _,, R 5 | 42-24 | 5-80| 11-35 |1917/-007 | 100-0 
6 s Ditto, 25 ft. below Oe 
surface, - ch pats ee i A 5 | 41:55 (6°64) 11-01 |1927|-002 | 100-0 
71 ,, 14] Abreast Martin’s 
Ferry steps —_- | 16-4) 1.25 /12 _,, S.E. | 20 | 47-72) 3-02| 11-78 /1672/-048 | 51-1 
8 35 Ditto, 28 ft. below 
surface’ - ee Sei More a * 21 | 43:76} 4:68! 11°57 |1866)02 | 80-9 
9 * Abreast North 
Wall Light  - | 16-31 1.37 |2'_,, » | 22 | 5164} 3-16] 11-58 |1705'028) 54-6: 
10 or, Abreast oper . 
House - 15-0| 1.45 [22 ,, » | 24 | 43:50] 5:84} 11-37 |1902/-005 | 100-0 
11 = Near new light- 
house, eastern 
breakwater ~~ 15-0) 2.45: /34_,; Pr 24 | 46°63 | 4-43] 11-36 |1933/-006 | 78-0 
12 ns Off Mouth of R 
Dodder - ~117°2) 3.20, |32  ,; 33 24-| 66°67 | 0°26} 12°77 |1048)172 4:7 
13 * Ditto, bottom 
sample - ~+416-0)_ ,, 3 os 25 | 54-15 | 1-65} 11-94 |1775/-025 | 27-6 
14 Pe Abreast Half-Moon : 
battery = - - |15°2} 4.40 [5 ,, Fe 25 | 49:11 | 4:99} 11°30 |1860/021| 85-6. 
15 ie Ditto, 19 ft. below : 
surface - === |15-4)  ,, a | 26-| 46-21] 4-98] 11-63 |1852/021| 88-3 
16 | ,, 20| Abreast ~Martin’s-}~——>-a.m.-|- — - 
. Ferry Steps = - | 17-0) 10.20 fa water| E. -5 | 48-29 | 0-12) 12°35 |1043/-095) «1-94. 
17 - Ditto, 114 ft. below : 
surface - - |16°0} 4, if 6 6 | 46:07 | 3°63} 12-12 |1792/-021} 60:0 
18 > Abreast Pigeon 
House .-  - | 16-4! 10:40 » | 20 | 49:44] 3-81] 11-37 [1729-0171 67-2 














* The bottles in-which the samples were collected were completely filled and: carefully stoppered, so as 
to leave no air inthem. ‘The time each sample was kept is given in this column. 

+ The calculations in this column are based upon the assumption that the maximum quantity of oxygen 
which a pure water can hold in solution is one-half the nitrogen in solution. 

Notes.—July 12. The surface of the water was discoloured down to the Pigeon House ; it was clear and 
clean at the mouth ‘The wind was fresh. All the samples collected contained small 
quantities of finely divided solid matters in suspension. 

» 14. Water discoloured down to Pigeon House Harbour, clear at mouth, strong breeze. All 
the samples contained slight quantities of finely divided solids in suspension. 

» 20. Much rain previous day and: night, estuary discoloured down to its mouth, buSrY little 
solid matters in suspension. 

» 21. Water less discoloured, fairly strong wind. 

» 26. Water distinctly coloured to: Pigeon House, but little below this ; wind strong, s sea rough, 
weather damp. 


~ 
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TABLE 14.—Analyses showing the Pollution and Percentage of Aeration in Samples of the Tidal and 
Non-Tidal Waters of the Liffey, collected in July and November, 1904 (Adeney)—continued. 





Number of 
Sample 
Date. 





—_ 
io) 





30s) 5, 


31 ” 


32 E 


33 i 


34 o 





Description of 
Samples. 


July 20} Abreast Pigeon 


House, 112 ft. 
below surface - 


Between Poolbeg 
and Bull Light- 
houses - - 

Ditto, 234 ft. below 
surface - - 

Abreast Technical 
School, Ringsend 

Ditto, 214 ft. below 
surface = = 


Abreast Pigeon 
House - - 


Ditto, 18 ft. below 
surface - - 


Between Poolbeg 
and Bull Lights 


Ditto, 22 ft. below 
surface - - 


Abreast Martin’s 
Ferry Steps 


Ditto, 30 ft. below 


surface - - 
Abreast of Pigeon 
House - . 
Ditto, 30 ft. below 
surface - - 
Between Poolbeg 


and Bull Lights - 


Ditto, 31 ft. below 
surface : - 


Non-tidal water 
just above weir, 
heavy rain over- 
night succeeding 
dry weather - 








2 3 

. S| 3 
ce 
Ard) S'S D 

a.m. 

16:0) 10.40|L. water 
16:2) 11:5 | 3 hr. fid 
15:9 bP) 3) 
17-9} 11:30 | L. water 
16:0 93 23 
17-2] 11:45 i 
16:6) “Es % 
16-2} 12:5 |4 hr. fid 
15:8 3) 33 
16°6] 10:45 

15:8 oP) 9 
15-8 11-3 | 3, 
15-0 ” ”? 
14:5] 11-25|1 —,, 
15:0 ” 2? 
Oi ne— —= 








Wind. 


= 





Time* kept. 


bo 
e 


3 


2 


| 45-64 











Carbon 
Dioxide 
Oxygen. 
Nitrogen. 


nm 

we 
2 1S'e 
4 ono 
al oe 
& |e a 
Bi oo 
Oo |Aa 





Oxygen in 
per cent. of 
saturation. 7 








4°80) 11°61 


ay Ae rs 39) 


5°86) 11:59 


0-95} 12°33 


4:05) 11-48 


45:13 | 4°34) 11:27 


42°72 | 4°97) 11-57 


42°45 | 5-03] 11-39 


42°35 | 5°66} 11°32 


60:53 | 2°36 


47°85 | 4:47) 11°59 


48:03 | 4°54; 11°51 





43°98 | 5°86} 11:53 


43-66 | 5°58) 11-37 





44:4215-77) 11°36 


79-77 | 6°73) 15°36 





1832017 | 82:7 





1848|-006 | 99-9 


1862)-002 | 100-0 


993)-092 
1824-015 
1714}024 


1834/011 





1845)015 


15-4 


70°6 


86:0 


88-1 


1891)-002 | 100-0 





1262)-06 


37°9 


1813)023| 77-0 





1790)023] 79-0 


1935)/007 | 100-0 


1949)-001 


98-4 


1935)-002 | 100-0 





‘01 


87°64 





» 


* The bottles in which the samples were collected were completely filled and carefully stoppered, so as 
to leave no air in them. The time each sample was kept is given in this column. 
+ The calculations in this column are based upon the assumption that the maximum quantity of oxygen 
which a pure water can hold in solution is one-half the nitrogen in solution. 


Notes.—July 12, 


The surface of the water was discoloured down to the Pigeon House, it was clear and 


clean at the mouth. The wind was fresh. All the samples collected contained small 


quantities of finely divided solid matters in suspension. 
Water discoloured down to Pigeon House Harbour, clear at mout 


14. 


the samples contained slight quantities of finely divided solids in suspension. 


Much rain previous day and ni 
solid matters in suspension. 


21. Water less discoloured, fairly strong wind. 
26. Water distinctly coloured to Pigeon House, but little below this, wind strong, sea rough, 
weather damp. 


h, strong breeze. All 


ght, estuary discoloured down to its mouth, very little 


_ It is quite evident from the chemical composition of the bottom waters of the 
river and estuary, and from their freedom from serious pollution, that they must 
be practically renewed by fresh and unpolluted sea water at every flood and ebb tide 


period. 


It will be observed, on comparing the analyses in Table 14 with those 


obtained during the first survey in 1900, that there is no tendency whatever for 
polluting matters to accumulate in the estuary waters. 


G. | 
ROYAL COMMISSION ON SEWAGE DISPOSAL. 


Map to illustrate Dr, Adeney’s Seetion on the Liffey Estuary. 
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Aeration expressed in per 
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Seetion on the Liffey Estuary. 
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This fact explains two observations which have frequently been noticed with 
surprise by local observers viz., (1) salmon freely pass up the river on their way to 
its upper and non-tidal reaches, notwithstanding the polluted condition of its bed and 
surface waters; and (2) no specific disease has been observed amongst the densely 
populated quarters of the city lying on both banks of the river which has been 
attributable to the polluted condition of the bed. 


The first mentioned fact is one of common observation by local fishermen and 
watermen. One of the authors (Adeney) noticed on July 12th, 1904, three dead salmon 
lying on the surface of the river, but the death of these fish was evidently caused by 
chloride of lime which was present at the time in the surface of the waters in sufficient 
quantity to impart to them a white muddy appearance. This was, however, an excep- 
tional state of things. 


The second statement is made on the authority of the distinguished Medical 
Officer of Health for Dublin, Sir C. A. Cameron, C.B., M.D. The fact that the polluted 
bed of the river does not give rise to any specific sickness amongst the surrounding 
population is no doubt due to the fact that it is washed at every flood tide by clean 
and fully aerated sea water, which effects the oxidation of offensive organic products 
of anaerobic fermentation. That this form of fermentation does occur in the polluted 
mud overlying the bed of the river is sufficiently proved by the presence in it of 
ferrous sulphide, which has already been noticed, and the direct oxidation of it and of 
other easily-oxidisable products of anaerobic fermentation explains the excessive 
absorption of dissolved oxygen, which has also already been noticed, and which other- 
wise it is impossible to account for. 


_ There can be little doubt therefore that if the solid matters of the Dublin sewage 
had been removed before it was discharged from the existing outfalls into the river, 
the bed of the latter would not have been fouled, and the aeration of the river water 
would not have been reduced below the allowable limit laid down by the suggested 
standard. 


Two considerations, however, arise to minimise the consequence of this conclusion. 
They are: (1) the discoloration of the river water by the sewage which would still be 
produced if the solids only were removed from it without further purification, and (2) 
the probability that if the bed of the river and estuary were unpolluted by solid sewage 
matters, the growth of the ulva latissima along the same would be encouraged, and so 
in the end the nuisance would be reproduced in another form. 


It would, therefore, be necessary either to cease to discharge sewage matters of 
any kind into the river or upper reaches of the estuary, or to thoroughly purify the 
sewage before discharge into the river. 


The former alternative was adopted by the Corporation of Dublin some years ago, 
and at the time of writing the new main drainage system of Dublin is being put into 
operation by which the sewage is brought down to the Pigeon House, where precipita- 
tion tanks and outfall works have been constructed on the site of the old harbour. The 
solids are to be precipitated by the addition of four grains of lime per gallon, and the 
effluent is to be discharged into the deep water channel abreast of the old harbour, at 
all states of the tide. . 


It is a matter for regret that the effluent is to be discharged on the flood tide as 
well as on the ebb, as there can be little doubt from the very careful examinations 
which have been made of both the bed and waters of the river and estuary, and 
which have been described in the foregoing pages, that the separation of the solids 
would be sufficiently effected by mechanical subsidence and fine mesh screens, provided 
that the subsequent discharge of the liquid sewage matters from the new outfall works 
was restricted to the first four or five hours of the ebb tide.” 


It is to be feared that unless the sewage be much more efficiently clarified than is 
possible by the proposed treatment with four grains of lime per gallon, the result of 
discharge at all states of the tide will be to discolour the surface waters of the estuary 
and river and to set up more favourable conditions for the growth of the ulva latissima 
on the bed of the estuary (and even on that of the river) than has up to the present 
existed. 








é *Ths new sewerag> work; at Frankfori-o1-Main show that, with well-desigaed catch-pit rotary screens 
and susidence tanks, 16 p2r cent. of the suspeadad solids ar> removed by tha catch-pit, 10 per cent. by 
th» scrzens and 64 per cent. by the subsilence tanks. Total 90 per cent. 
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The use of lime also if not carefully employed may not be unattended with danger 
to fish life. 


It will soon; however, be possible to judge from actual results whether these antici- 
pated fears are groundless or not. Meanwhile there can be no doubt that the new 
works will very greatly improve the present condition of the river, and if experience 
results in showing that the discharge should be limited to the ebb tide as above 
suggested in the interests of all concerned, it will no doubt be possible for the 
Corporation to provide for such discharge. . 


SuMMARY AND CONCLUSIONS. 


(1) The estuary comes under the second of the three classes into which tidal 
waters may be divided for the purpose of sewage disposal, and which includes those 
waters whose ebb. currents can transport the /égu¢d sewage matters discharged into’ 
them, and widely distribute them in open water in directions which preclude the 
possibility of their being carried back in appreciable quantities by the ensuing flood 
tide. . 


(2) If the whole of the liquid sewage matters of Dublin were discharged into the 
river from the existing outfalls along the quay walls, as at present, with the exception 
that the suspended solids were previously removed, the aeration of the waters of the 
river and estuary would not be reduced by them below the limit allowed by the 


standard formulated for this class of waters in the section on Chemical. Changes, etc., 
Deak 


The surface of the waters would, however, continue to be discoloured, and it would. 
be obviously undesirable to continue the discharge of such large volumes of unpurified 
liquid sewage matters into a narrow tidal river like the Liffey, and so near to the City. 


The new Main Drainage Outfall Works which have just been erected and put into 
operation by the Corporation of Dublin on the site of the old Pigeon House Harbour 
are designed to prevent the direct discharge of sewage into the river, but to carry it 
down to the deep water channel of the estuary, and to discharge it after precipitation of 
solids by treatment with lime, within two miles of the mouth of the same at all states 
of the tide. 


(3) The discharge of sewage from the Rathmines and Pembroke outfall is legally 
limited to the first five hours of the ebb, and the point of discharge is only one mile 
above the mouth of the estuary and is far removed from dwelling houses. The sewage 
produces a discolouration of the surface of the estuary waters along its path, especially 
in calm wet weather, but the path is very narrow relatively to the width of the estuary, 
and is not sufficient in the opinion of the authors to warrant it being regarded as a 
nuisance or as a-danger to public health or to fish life, having regard to the position 
and neighbourhood of the part of the estuary affected by it. The de-aerating effect of 
the sewage from this outfall upon the estuary waters in its path is scarcely appreciable 
even at the lower states of the ebb tide. 


But the light suspended solid matters which are discharged with the liquid sewage 
temporarily accumulate, with prevailing northerly winds, along the south wall during 
low water, and such accumulations are offensive to look at. The floating portions 
moreover of the light solids referred to, such as corks, are blown about the waters of 
the estuary and give a bad appearance wherever they accumulate, which they do along 
the shores of*the estuary when in-shore winds prevail for lengthened periods. 


In the opinion of the authors, the light solids above referred to ought to be removed 
before the liquid sewage is discharged from the outfall, and the authors believe that 
they could be sufficiently removed by means of revolving fine mesh wire screens. 


(4) During calm weather the surface waters of the river and estuary alone are 
affected by the sewage discharged into them. The bottom waters-of the less shallow 


portions of the estuary remain practically unpolluted where the bed of the channel is - 
itself not fouled by the deposit of solid sewage matters upon it. 
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Sewage solid matters, when discharged into a second class tidal water in appreci- 
able quantities, exercise a highly polluting effect both on its bed and on its waters, 
and must be removed before the discharge of the sewage. 


In the case of second class tidal waters with such favourable tidal currents and of 
such large volume as those of the Liffey, the removal of the solids may, in all probability, 
be sufficiently effected by mechanical subsidence and screening through fine mesh wire 
screens, provided that the discharge of the liquid sewage is limited tothe first four or 
five hours of the ebb tide. 


(6) Under the conditions which obtain with the discharge of the sewage from the 
Rathmines and Pembroke outfall, the sewage in calm weather rapidly becomes diluted 
with from eight to ten times its volume of estuary water, but that further dilution and 
dispersion proceeds very slowly except in windy weather. It should be noted that the 
invert of this outfall is situated at such a depth that at low water of equinoctial springs 
it is covered by about five feet of water, and that, during the periods of discharge of 
sewage from it, it is covered by from eight to eighteen feet of water. The outfall is 
therefore a deep water one and discharges into the deep water channel. 


W.E. ADENEY, 
Royal University, Dublin. 
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SECTION 7c. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED. 


PRESTON AND THE RIBBLE ESTUARY. 
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RIBBLE JOINT COMMITTEE. 
MAP OF WATERSHED 
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PRESTON’ AND THE RIBBLE ESTUARY. 


The watershed of the Ribble embraces a district having an ‘area of about 566 square 
miles, with a population of 1,222,000. The total length of the rivers included in the 
watershed, namely the Ribble and its tributaries the Calder, Hodder and Darwen, together 
with the Douglas, which opens into the Estuary of the Ribble, and the feeders of these 
streams, amounting to about 180 miles.* 


The Ribble rises in Yorkshire, but in its progress through that county receives no 
pollution to. speak of. Passing into Lancashire it unites with the Hodder, and about 
a mile lower down, at Mitton, receives the waters of the Calder, a tributary of considerable 
size, and one which is extensively polluted both with sewage and manufacturing effluents. 
No further extensive pollution occurs in the main stream during its flow to Preston (a 
distance of 18 miles from Mitton), but at that town the Darwen flows into it, a tributary 
which like the Calder is heavily polluted. . 


At Preston (near its junction with the Darwen), the Ribble becomes a tidal stream, 
and after a flow of a couple of miles or so, gradually broadens out into the estuary. Some 
six miles below Preston, and when the estuary has widened out considerably, the Douglas, 
or Asland, joins it, a river which like both the Calder and Darwen is highly polluted, both 
with sewage and trade effluents. 


_ The sewage of Preston is discharged (after land treatment) into the estuary at a 
point situated about 8 miles from the town, and it will be seen from the map of the water- 
shed, that the Ribble itself does not receive any serious pollution, the fouling of its waters 
above the tidal limit being caused almost entirely by its tributaries the Calder and. 
Darwen, while below that limit additional pollution is thrown in by the Douglas. 


As regards these three rivers :— 


The Calder and its feeders, the Pendle Water and the Hyndburn, receive the sewage 
effluents of two towns of considerable size, namely Burnley and Accringion, and also 
those of some fourteen other towns, of which the most important are Colne, Nelson, Padi- 
ham, Altham, Oswaldtwistle, Clayton and Great Harwood. The total volume of sewage 
effluents thus introduced into the Calder amounts to between 6 and 7 million gallons 
(normal dry weather flow per 24 hours), while in addition, the manufacturers’ effluents. 
are estimated as amounting to nearly 5 million gallons: these being derived from 
numerous and varied industries, such as paper-making, print, dye and chemical works,. 
breweries, tar distilleries, etc. 


The Darwen, like the Calder, runs through a thickly populated industrial district,. 
and is therefore also heavily polluted with both sewage and trade effluents. 


But there are important differences between these two tributaries of the Ribble.. 
In the first place the dry weather flow of the Darwen is roughly only half that of the 
Calder, while the total volume of sewage and trade effluents which it receives is not very 
different from that discharged into the Calder. Also, whereas the pollution of the latter 
river by sewage effluents is distributed over a fairly wide area and consists of contribu- 
tions from a relatively large number of towns, the sewage pollution of the Darwen origi- 
nates chiefly from one town only, namely, Blackburn, which contributes about 85 per 
cent. of the total, the only other place of any importance in the valley of this river being 
the town of Darwen, which contributes about 13 per cent., the remainder being derived 
from five small sewage works. 


It should also be noted that the sewage works of Blackburn are distant about four 
miles only from Preston, so that but little time is given for any processes of self-purifica- 
tion to occur in the sewage effluent of that town before it passes into the Ribble. 


* Evidence of Mr. Alderman Jonathan Phillips, vice chairman of the Ribble Joint Board. Roy. Com- 
on Salmon Fisheries Rep. Part 2, p. 660. 

[In the First Report of the Rivers Pollution Commission (1868) the area is given as 816 square miles and 
the population in 1861 as 489,176.] 
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As to the trade effluents entering the Darwen, their volume is estimated at nearly 
4 million gallons (normal dry weather flow per 24 hours), contributed by about sixteen 
different establishments, of which twelve are paper works. 


The Douglas, with its tributaries, the Lostock and Yarrow, also pass through a thickly 
populated manufacturing district, the chief towns situated in its watershed being Wigan 
and Chorley. The total volume of sewage effluents discharged into the Douglas and its 
tributaries is estimated at about 44 million gallons (normal dry weather flow per 24 hours), 
of which Wigan contributes about 40 per cent. and Chorley nearly 20. The remainder is 
received from a considerable number of smaller localities of which Horwich, Adlington, 
Standish, Ince and Skelmersdale are among the more important. 


The trade effluents thrown into the Douglas and its tributaries are estimated as 
amounting to about 7 million gallons (normal dry weather flow per 24 hours), contributed 
by some nineteen different establishments, of which fourteen are print, dye, or bleach 
works. 


The Douglas becomes tidal near Croston, which is situated some eight miles above 
the junction of the river with the estuary of the Ribble. In its lower tidal reaches the 
stream is artificially controlled by the Hesketh embankment. 


It should be mentioned that some of the water of this river (and in dry weather prac- 
tically the whole volume) is diverted below Wigan (at a point marked 1A on the map) 
to the Leeds and Liverpool\ Canal. 


Speaking generally, the rivers of the Ribble watershed lie in somewhat narrow valleys, 
the land on either side of which is fairly high, and, as a consequence, they are quickly 
affected by a rainfall. 


Another feature also deserves notice. The rivers are often diverted for manufac- 
turing purposes by “ goits”’ or intakes into “lodges,” and in dry weather these lodges 
frequently receive all the available water, the natural bed of the stream being practically 
dry. The lodge then forms a settling tank which no doubt acts beneficially to the general 
condition of the water, for the time being until the accumulation of deposited solids is 
cleared out, either naturally by a flood or artifically by removing or altering the weirs. 
In either of which cases pollution, possibly of a devastating kind in relation to fish life, 
may be suddenly thrown into the stream. 


The condition of the rivers constituting the greater part of the Ribble watershed 
is controlled by the Ribble Joint Committee—a body constituted in 1891.* 


Previous to that date, the different local authorities were for the greater part dis- 
charging the sewage of their respective districts into the rivers without treatment, and the 
manufacturers also were discharging their waste products into them without restriction, 


The first step taken by the Committee was to serve notice upon all the authorities 
that the sewage must be treated before it was turned into the rivers, and a similar notice 
was served upon all manufacturers with regard to their effluents. 


' 


* The Local-Government Board’s Provisional Orders Confirmation (No. 10) Act, 1891 thus defines the 
scope and powers of the Joint Committee :— 

Art. II.—(1.) A Joint Committee (herein-after referred to as ‘“‘the Joint Committee”) shall be con- 
stituted for the purpose of enforcing the provisions of the Rivers Pollution Prevention Act, 1876 (subject to 
the provisions in that Act contained), in relation to so much of the River Ribble, or any tributary thereof, 
and of the Rivers Darwen and Douglas, and the streams (as defined by. the said Act of 1876) running into 
the Crossens Channel, as passes through the County of Lancaster, or through or by the County Boroughs of 
Blackburn, Burnley, Preston, and Wigan : 

Provided that the appointment of the Joint Committee shall not prejudice or in any way affect or curtail 
the right of any Sanitary Anthority represented upon the said Committee to continue proceedings already 
taken, or to commence proceedings, against any person or persons in respect of any pollution of the River 
Ribble, or any tributary thereof, or of the River Darwen, or of the River Douglas, or of the streams (as defined 
by the said Act of 1876) running into the Crossens Channel. . 

(2.) The Joint Committee shall consist of sixteen members, representing the said County and County 
Boroughs, and shall be a body corporate by the name of the Joint Committee of the River Ribble, with per- 
petual succession and a common seal, and with power to sue and be sued ix that name. 
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Many difficulties were encountered by the several authorities at first in conforming 
to this order: one of the most serious of which was that the Local Government Board 
would not at that time sanction the borrowing of money for any scheme unless such scheme 
included land upon which the effluent resulting from a preliminary process of chemical 
precipitation or filtration could be further treated, and in certain cases (e.g., Church and 
Accrington) no suitable land for the purpose was available. 


The consequence of this was that while a fairly good effluent could be obtained with- 
out the use of land, only a fraction of the sewage could be treated, as the payment for 
the extensions had to come out of the revenue, and the construction of works for treating 
the whole of the sewage of a given district was seriously delayed. However, in 1901, 
aiter the Joint Board had been in existence for ten years, the vice-Chairman was able to 
report * that ‘“‘ at present every authority has done something and has done its best.” 


Greater difficulties were experienced with the manufacturers in dealing with their 
trade effluents, as they could only be called upon to use “ the best means in their power,” 
as regards purification, and it often happened that they had not power at all to alter 
their business premises, in order to provide for the necessary purification works. 


Speaking generally, however, the vice-Chairman of the Joint Committee was able to 
report that the manufacturers had realized their obligations and were gradually meeting 
them, but many cases occurred in which, after impounding a trade effiuent for a week, 
sludge and water were let off with a rush into the river at a favourable moment (presum- 
ably when the watchmen were not likely to interfere). 


* * * * * * * 


The different streams forming the waters of the Ribble watershed furnish a very 
interesting study in relation to the disposal of the sewage and trade effluents of a thickly 
populated manufacturing district, and the question of river and estuarine pollution 
generally. 


We are indebted to Mr. Halliwell, F.I.C., F.C.S., Chief Inspector of the Ribble Joint 
Committee, for the very interesting map of the watershed which we append, and also for 
the following particulars. 


Regarding the amount of water descending the different rivers daily in dry weather, 
he says :— 

“TI have only been able to obtain the true volume of one river, viz., the Darwen, which by gauging is 
12,000,000 gallons per day of 24 hours. From what I know of the flow of the other rivers I should estimate 
them to be as follows :— 

River Calder - - - - - - 25,000,000 gallons per day of 24 hours. 
River Ribble - - - - - - 120,000,000 x Hf ne 


I have given no estimate of the Douglas, owing to the stream being diverted in dry weather at a point 
marked A on the map to the Leeds and Liverpool Canal, and the water in the Douglas bed below that point 
is very small in volume. In wet weather, however, there is a very big flow.” 


The following table shows the volumes of the rivers and sewage works and manu- 
facturers effluents : 


’ 


VOLUMES IN GALLONS PER 24 HOURS. 














x Manufact ‘ 
River. | Sewage Effluents. ge Total River Flow. 
Oo 6,310,000 4,790,000 25,000,000 
Serwen- eee - - 5,830,000 3,700,000 12,000,000 
Ribble (Non-Tidal) - - : 13,000,000 9,240,000 120,000,000 
Douglas - - - - - 4,310,000 7,100,000 a 


Crossens Channel - - - : 3,080,000 — — 


* Evidence of Alderman Jonathan Phillips. Roy. Com. on Salmon Fisheries Rep. Part II., p.p. 660-661. 
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«Tn some cases manufacturers use river water which contains the effluents from sewage works and manu- 
facturers’ plants, for trade purposes, and in addition the waters are used by an extremely large number of 
mills for boilers and condensers.” 


In a later letter Mr. Halliwell says :— 


“‘ With reference to the volumes of the rivers I should estimate the flow of the Hodder at about 25,000,000 
gallons. . . . . Iam anxious for you to understand that the only gauging taken was that of the Darwen, 
and the other figures are estimates; and the volumes of the effluents are also not too correct, as the figures are 
given by the different authorities, who often base their opinion upon a supply of 25 gallons per head per 
day—which I find is very frequently erroneous.” 


“Tt is, I fear, impossible to state the volumes of manufacturers’ effluents derived from fresh water, and 
that derived from water taken from the river and used in manufacturing processes. You are, of course, well 
aware that in addition to the manufactories placed on the map there are hundreds of mills using water from 
the river for boilers and condensers, and, as I have stated both in reports and before the Commission, the method 
of abstraction and temperature of the resulting water play no little part in the condition of the streams.” 


At our suggestion Mr. Halliwell has been so good as to revise his figures regarding 
the dry weather river flows, etc., thus :— 





Dry Weather 


. Flow per 24 Total _ How 
a ae oF en Hours in Millions | — Flow. Determined. 
of Gallons. 
Hodder - -| River Water -— - sii ae - - About 25 25 Estimated. 
Calder ’ 7 plus Manufacturers’ Effluents » 18% 9B . 
Sewage Hffluents - - - - °- 3 64 
River Water plus Manufacturers’ Effluents x 6 
Darwen - 12 Gauged. 
Sewage Effluents. - - 2 - - Ps 6 | 
(Non-Tidal) River Water - = no 5 hg Ali 
Ribble - 58 Estimated. 
Sewage Effuents - - - - - s a4 
120 | 120 | Estimated. 





Mr. Halliwell has also kindly supplied us with the following analytical data :— 
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As the Ribble watershed was investigated by the Rivers Pollution Commission in 1868— 
1869, we hoped that by comparing the analytical data contained in their Report with 
Mr. Halliwell’s results, valuable information would be gained regarding the past, com- 
pared with the present condition of the rivers. 


But our expectations in this respect have been to a considerable extent disappointed, 
as the localities from which samples of the different river waters were collected were 
not the same in the two cases (with one exception). However, in the following table we 
give the results of the comparison, such as they are. 


RIBBLE WATERSHED. 


CoMPARISON OF ANALYSES MADE IN 1868-1869, AND IN 1905. 
[Results in parts per 100,000. ] 











Total Ree : ‘Nitrates 
River. Wher Ra ae ps solids in | OTSattic,| Organic mmonia} and_ |Chlorine. 
collected. examined. . Carbon. |Nitrogen. Pine 
solution. Nitrites. 
Below Burnley- - | Aug., 1868] 40:4 1:076 | 0°758 | 0020 0 51 
Calder | Near Junction with | March, 1905} 38-0 — | (Albd.) | 0°19 0 4-2 
Ribble. 0-041 
400 yards below ». 1869 ) "Geen 0749 | 0-141 0-260 | 0013 | 40 
Wigan Outfall. 
Douglas - (| Below Wigan and as pee IOS 86:0 — (Albd.) | 0°20 0:06 y he 
discharged into 0°05 
Canal at Gathurst. 
Below Blackburn ~ - 3 1869 41°5 2124 0:295 0-219 0 3°6 
Dawe pi At Walton-le-Dale - gp ee L869) 3340 1-289 0-141 0137 0°045 259 
At Junction with Fe LGD. |: 500 — (Albd.) | 0°46 0-12 4°8 
Ribble. -|  0°099 i 








The most striking feature in the two sets of figures is the difference between the 
organic nitrogen of the older series, and the albuminoid nitrogen of the newer, and while 
these two analytical factors are, of course, by no means identical, they are to soine ex- 
tent comparable, and it seems probable therefore (from the table) that the organic im- 
purities in the waters in 1868-1869 were then much greater than in 1905. 


The only samples collected in these two periods from practically the same locality, 
are the two last on the list, and, as it happens, both of these were collected in March, so 


that a closer comparison is warranted in the case of these samples than in that of the 
others. 


From the higher proportion of solids in solution, ammonia, and chlorine found in 
1905, the inference is warranted, we think, that the amount of original pollution (if the 
expression may be allpwed) now entering the Darwen is greater than in 1869, but also 
that the relatively low figure at present found for the albuminoid nitrogen would seem. 


to indicate that considerable progress has been made in purifying this original pollution 
before it enters the stream. | 


That the condition of the rivers in the Ribble watershed has improved is evident, 
we think, from the following extract from the Report of the Rivers Pollution Commission: 


__“ That the noxious qualities of polluted water are not removed by a flow of 10-12 miles is sufficiently 
evident to the senses in the case of the three rivers upon which we experimented in the Mersey and Ribble 
basins. They were all very offensive at the termination of the flow.” 


_ Whereas at the present time they are not only quite inoffensive, but in the majority 
of cases contain an amount of dissolved oxygen which is surprisingly high, and their beds 
also, as far as can be judged from an inspection, show ng record of over pollution. 
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We learn from Mr. Halliwell that no systematic analysis of the rivers of the water- 
shed have been made during the period that the Ribble Joint Board has held jurisdiction 
until 1905, when he commenced them. 


This, if we may be permitted to say so, is to be regretted, as the results of such analyses 
would have afforded not only the clearest possible evidence of the condition of the waters 
over a considerable period, but would have also indicated in an unmistakable way 
the progress made towards improving their condition. In the absence of such analytical 
data, it is not possible to say with certainty what the Board’s efforts have accomplished, 
and the discussion of the figures supplied us by Mr. Halliwell is attended with difficulties. 


We propose, however, for the moment to leave the question of trade effluents out 
of consideration, and to regard the different rivers of the watershed as consisting of mix- 
tures of sewage effluents and pure water. We propose, further, to assume that Mr. Halli- 
well’s analyses were performed with dry weather samples. The following argument 
may then be employed :— 


The Calder—The total estimated daily dry weather flow of this river is some 25 
million gallons, and this includes about 63 million gallons of sewage effluents. On the 
assumption that the difference between these two figures, namely 184 million gallons, is 
_ the volume of pure water in the river, then the stream as it enters the Ribble is composed 
of water, three parts; sewage effluents, one part—in round numbers, or in other words 
one quarter of the flow consists of sewage effluents. 


The average composition of sewage is difficult to determine, but for reasons which 
one of us has given in evidence before this Commission,* the following figures may be 
accepted as at least approximately correct for town sewage :— 


PARTS PER 100,000. 





Ni at 
itrogen as Oxygen Absorbed Test. 


(4 Hours at 80° F.) 





Free Ammonia. Albuminoid Ammonia. 


2°5 1-0 11-:0—12-0 








On the assumption that they apply to the case under consideration, a mixture 
of three parts of pure water and one of sewage would give an analysis :— 


Nitrogen as :— 
Oxygen Absorbed. 


Free Ammonia. Albuminoid Ammonia, 


0°625 0-25 | 2°75 - 3-0 say 2-875 


Whereas Mr. Halliwell’s figures for a sample of the Calder at its junction with the 
Ribble are :— 





Nitrogen as :— 


Oxygen Absorbed. 
Free Ammonia. Albuminoid Ammonia. 





0°16 0:72 








These latter are in no case greater than one quarter of those preceding them, while 
in that of the albuminoid ammonia the amount is only one-sixth, so that in spite of 
trade effluents added, the total purification of the sewage would appear to be not less 
than 75 per cent. | 





* Evidence of E. A. Letts given May 17th, 1905 (Fifth Report, Vol. II.) 
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The Darwen is a much more seriously polluted stream than the Calder, for the total 
daily dry-weather flow as gauged amounts to only 12 million gallons, whereas of this about 
6 million consist of sewage effluents, or in round numbers the river as it enters the Ribble 
is composed of equal parts of water and sewage effluents. Extending the argument 
applied above as regards the Calder to this stream (the Darwen)—if the sewage were 
unpurified and reached the spot where the sample was collected—unchanged, the water 
should show on analysis— 


Nitrogen as :— 





Oxygen Absorbed. 
Free Ammonia. Albuminoid Ammonia. 
1:25 | car . 5-5-6°0 say 5:75 
whereas Mr. Halliwell’s figures are— a 
Nitrogen as :— 
Oxygen Absorbed. | 
Free Ammonia. Albuminoid Ammonia. 
0°38 0°10 1-4 


Here the free ammonia is about one-third, the albuminoid ammonia one-fifth, and 
the oxygen absorbed about one-fourth, respectively, of the preceding figures, indicating 
on the whole, as in the case of the Calder, a purification of the sewage approaching 75 per 
cent., or of about 67 per cent. if the free ammonia alone is taken as the index. 


The Douglas.—The daily flow of this river was not estimated by Mr. Halliwell, be- 
cause, as already stated, a portion of its water is diverted into the Leeds and Liverpool 
Canal, but it receives some 44 million gallons daily of sewage effluents, and if the averages 
of Mr. Halliwell’s analyses are taken, the figures are— 


Nitrogen as :— 


Oxygen absorbed. 


Free Ammonia. Albuminoid Ammonia. 


0°152 0:036 0°92 





which do not differ considerably from those which he obtained for the Calder. 


The Rabble at the Limit of Tidal Influence.—The estimated daily dry-weather flow here 
amounts to about 120 million gallons, of which some 13 million consist of sewage effluents ; 
or in round numbers one-ninth of the water is composed of these latter. : 


Supposing, then, as before, that the remainder is-pure water, and that the original 
sewage has undergone no change, the water should contain— 





Nitrogen as :— 


Oxygen absorbed. 


Free Ammonia. | Albuminoid Ammonia. 


| 
0°28 O11 








whereas Mr. Halliwell’s figures are— 


Nitrogen as :— 
Oxygen absorbed. 
Free Ammonia. Albuminoid Nitrogen. 


0°058 0 016 0°26 


respectively. 


In none of the three factors is the amount in the latter figures more than one-fifth 
of those preceding them, showing possibly the effects of self-purification, in addition 
to the artificial purification (if the expression may be permitted) accomplished at the 
different sewage works. 


* %* * * * 


The argument employed above witlt reference to the figures supplied us by Mr. 
Halliwell is, it need scarcely be said, of a rough-and-ready kind, and involves several 
fallacies, of which the most important is, no doubt, that the very extensive pollution 
of the rivers caused by manufacturers’ effluents is completely ignored. But at least it 
gives an idea of the minimum purification ultimately effected of the sewage of the dis- 
trict, and also, we venture to think, bears very satisfactory testimony to the good work 
which has already been accomplished by the Ribble Joint Committee, while in addition it 
appears to us to furnish a substantial argument in favour of the creation of similar boards 
in the different watersheds of the kingdom, whose duty it shall be to maintain the rivers 
under their jurisdiction in as pure a condition as possible. 


THE RIBBLE WATERSHED IN RELATION TO FisH LIFE. 


In spite of the extensive pollution of the Ribble above its tidal limit by the Calder 
and Darwen, and in the estuary by the Douglas, salmon and sea trout still ascend its waters ; 
they are captured not only in the estuary, but also in the river itself, and continue to 
spawn in its upper reaches. | 


The watershed, in fact, is still a fishery district which is under the control of the 
Ribble Fishery Board. - : 


The following particulars are taken from the Report of the Royal Commission on 
Salmon Fisheries. 


In the year 1900, salmon were still fairly abundant in the estuary, and two years 
previously 530 were returned as caught by net during that season (a number which was 
possibly below that actually taken, owing to the difficulty in obtaining accurate returns 
from the fishermen), while 28 were caught by rod, that is to say, in the river itself.” 


It was, however, stated that forty years previously there were from twenty to forty 
times the number of fish now found in the river, the witness who gave this information 
saying that in 1865 he himself had caught three salmon with rod and line in one day.t 
The same witness also stated that formerly the Hodder abounded with sea trout, and that 
thirty or forty could be taken in a day (presumably by rod) of an average weight of 2 lbs., 
whereas very few could now be caught. On the other hand, the Ribble is still a very 
good stream for ordinary trout and owing to the hatcheries belonging to the conservators, 
and also owing to private fishing clubs, these fish have considerably increased in number. 
Regarding the decrease in the number of salmon taken, it appears that the fishery above 
Preston was formerly let at £1,000 per annum, but it is now rented by the Ribble Fishery 
Board for £8 a year in order to keep the nets off the private water. 


Regarding the condition of the rivers of the watershed (in 1900), in relation to fish 
life, the evidence was to the following effect :— 





* Tn connection with the above Mr. Halliwell writes to me-as follows :—‘‘ I know for.an absolute fact that 
ducing this Autumn (1906) one gentleman with the artificial fly landed three salmon in a day and another 
ho ked three, landing two ; and fifteen salmon trout were also taken by one rod in one day on the Hodder.” 

} Evidence of T; Gustaves Garnett, Roy. Com. on Salmon'Fisheries Rep., Part 2, p. 66. Om 
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Taking the south or left bank of the Ribble and beginning in the upper reaches of 
the river, fish can live in all the tributaries above Mitton; that includes the tributary 
passing through Clitheroe, Downham, and Chatburn. Taking the next tributary going 
downwards—the river Calder—there are fish as low down from its source as Burnley, 
but from Burnley it would be impossible*for fish, even eels, to live owing to the pollution 
of its waters.* 


The next tributary is the Darwen. Below the town of Darwen—and there is very 
little of the river above—no fish could live. 


Regarding the north or right bank of the Ribble, none of the tributaries are seriously 
polluted, and fish inhabit them. 


Further evidence was given that if, after a period of drought, a sudden rainfall 
occurred on the south side of the watershed affecting the manufacturing districts first 
of all, the waters of the polluted streams washed down accumulated impurities which 
occasion considerable damage to fish life, one witness going so far as to state that “every 
living fish is poisoned from the entrance of the Calder to the sea.” / 


But if, on the other hand, the river Hodder comes down in flood first, there is a good 
chance of the fish getting up without being poisoned. As to the Douglas, it was stated 
that its waters would not support fish life on the main stream above Blackrod right up 
at the source, and that the other part of the river is in a very polluted condition, with 
probably no fish in it at all. 


Regarding the causes of the decrease of fish in the watershed it was stated— 
(1) That the largest difficulty arose from pollution. 


(2) That the decrease (in salmon) was also partly due to overnetting in the estuary 
and the use of nets with too small a mesh. And further, that the close time during the 
fishing season was insufficient. 


(3) The ‘“‘ Training Walls” placed in recent times in the estuary immediately below 
Preston in connection with the development of the town as a port act, first, in narrowing. 
the river in the estuary, thus concentrating the sewage pollution ; and secondly, in causing 
the nets to practically stop the ascent of fish, as they virtually extend from side to side. 


(4) The abstraction of water from the upper reaches of the tributaries of the Ribble 
(especially from the Hodder and Darwen) for municipal purposes. In the case of the 
Hodder it was even suggested that this might be carried to such an extent that the river 
would cease to exist. 

eo pe eo a ek See 


The amount of dissolved oxygen present in the waters of the Ribble and its tributaries 
is of considerable importance, not only in relation to fish, and especially of salmon, but 
also in connection with the question of fermenting organic matter. 


Mr. Halliwell’s figures are unexpectedly reassuring on this point, as they show a 
higher proportion of dissolved oxygen in nearly all the samples examined than might 
have been expected. | 


Thus he found that the Ribble at the limit of tidal influence contained 8°83 ce. per 
litre, and on keeping the water for 24 hours only 0°2 cc. were lost. The former figure 
corresponds with air saturation at a temperature of 8-9°c., while the slight loss on keeping 
shows that but little easily fermentable organic matter was present. 


The river Darwen at its junction with the Ribble contained 7.1 cc. per litre, or over 
85 per cent. of the air saturation value—a surprisingly high figure considering the nature 
of its waters, and the Calder at its junction with the Ribble 5:9 cc. per litre, or over 71 per 
cent. of the air saturation value. 


_ It would therefore appear, from Mr. Halliwell’s figures, that there is abundance of 
dissolved oxygen in the Ribble for the support of fish life, and that it is improbable that 
any material damage is done it in this respect by its tributaries, and Mr. Halliwell’s figures 


also indicate that no nuisance is likely to arise from any of the rivers, with the possible 
exception of the Douglas. | 


* Evidence of W. Naylor, Roy. Com. on Salmon Fisheries Rep., Part 2, p. 663. 
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VISIT TO PRESTON AND THE ESTUARY OF THE RIBBLE. 


We visited this district on two occasions, namely, in August, 1904, and April, 1906. 
On the first of these occasions we were only able to devote two days to this interesting 
locality, and therefore our examination was necessarily of a very restricted nature. With 
the time at our disposal, it was in fact only possible to inspect (and in some cases to deter- 
mine the dissolved oxygen in the waters of) :—(1) The river Darwen at Walton near its 
junction with the Ribble. (2) The estuary of the Ribble from Lytham to Preston Quay 
—a distance of about nine miles; (3) The Ribble near its tidal limit at Preston; (4) 
The estuary of the Douglas from Tarleton Lock near its tidal limit to its confluence with 
the Ribble estuary. 


.On our second visit we again inspected the Ribble near its tidal limit, the Darwen 
at its junction with the Ribble, and part of the Calder as well as the Hyndburn, which is 
one of the chief feeders of the latter. 


Before describing the results of our observations, we desire to take the opportunity 
of expressing our thanks to the authorities of Preston, and especially to Mr. Hamar, 
the Town Clerk, and Mr. Barron, engineer to the Harbour, both of whom assisted us in 
every way in their power on our first visit, made arrangements which enabled us to see 
as much as possible in the limited time at our disposal, and accompanied us to some 
of the places we wished to inspect. To Mr. Barron we are under special obligations, as 
he devoted a large share of his time to us, and placed the Harbour Launch at our disposal. 


We should remark that the weather had been dry for some time previous to our 
visit, and that consequently the rivers were low and in a favourable condition for observ- 
ing the effects of pollution. We are indebted to Mr. Halliwell for obtaining the following 
figures relating to the rainfall, which were recorded at Stoneyhurst. 


Date. Inches. 


July 30th, 1904 - - - - - - - 0:000 
* 31386, - - - - - - - 0:050 
August Ist, 1904 - - - : - - . 0-000 
i SR o7 5 - - . - - . - 0-000 
Peorc,..,, - - - - - - - 07160 
RSL ee ad en ea 0°325 
5th, Sani e) CREE BAS A Ne eae 0-010 





The rain which fell was mainly, if not entirely, caused by thunderstorms, one of 
which on the morning of August 4th was of especial violence, though of short duration. 


On our second visit we were accompanied by Mr. Halliwell, to whom we are under 
many obligations, some of which we have already mentioned. 


The Darwen.—On our first visit we inspected this river at Darwen Bridge on the 
evening of August 4th, and found that a good deal of water was coming down owing to 
the thunder showers, leading no doubt to considerable scour of the bed of the stream. 
The river at this point is about eighteen yards wide and apparently shallow. We were 
informed that a few days previously it was almost dry here, but at the time of our visit 
there was a strong current. The water was quite black, with some floating scum, but 
it was not offensive. 


We collected a sample and found that it contained :— 
Dissolved oxygen - - -~ - - 1:80 c.c. per litre at N.T.P. 


6225—Ap. VI. 2U 
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On our second visit to the locality in April, 1904, we examined the Darwen at and 
a little above its junction with the Ribble. The weather had been showery, so that the 
stream was not at its lowest, but the water was not very high. It was brown and turbid, 
but had no smell. The bed, consisting of mud and sand, was brown, and when dug into 
was not black beneath the surface. There were in fact no signs of over pollution, and 
the condition of the river impressed us much more favourably than on our first visit. 


The Ribble at Preston near its Tidal Limit.—The river is here a fairly broad : but 
shallow stream, and the current is not very swilt. 


At the time of our visit in 1904 the water was, as already stated, very low, so that 
the effects of pollution should have been at their maximum. But yet the appearance of 
the river did not indicate extensive pollution. The water, if not absolutely clear, was 
sufficiently transparent to enable one to see the stones, etc., at the bottom quite dis- 
tinctly at a depth of 2 feet or so, and green aquatic vegetation was present in fair quantity. 


On our second visit in April, 1906, the water was somewhat higher and not quite so 
transparent. On this occasion, when we were accompanied by Mr. Halliwell, we walked 
up the southern bank of the river, and noticed that for some distance below its junction 
with the Ribble, the Darwen affected the former by discolouring the water for some dis- 
tance across the stream, and also by leaving traces of a black scum along the bank. 
Crossing the Darwen we walked to the road bridge at Walton, and then crossed over the 
Ribble and continued our walk for a short distance up stream along the northern bank 
of the river, eventually returning to Preston on the same side, 7.e., northern. We care- 
fully examined the bed of the river from time to time, which is stony and sandy, but 
could detect no traces of extensive pollution, such as any black deposit below the suriace 
of the bed, or fungoid growths on the stones,. etc. 


On the whole we were very favourably impressed with the condition of the river, 


both as regards absence of marked signs of pollution and in relation to its fitness for 
fish life. ; 


The Calder.—One of us inspected this river with Mr. Halliwell in April, 1906, near 
its junction with the Hyndburn, one of its chief feeders. 


The Hyndburn, which, in addition to receiving the sewage effluents from Church, 
Accrington, Oswaldtwistle, Rishton, Clayton and Great Harwood, is also extensively 
polluted with manufacturers’ effluents, is a small stream, perhaps 10 yards wide near its 
junction with the Calder, shallow, and fairly rapid. 


At the time of our visit the weather had been somewhat showery, so that the water 
was not at its lowest. 


The Hyndburn, although showing undoubted signs of pollution, had by no means, 
the appearance of being an over-polluted stream. Its water was brown in colour, and 
while somewhat turbid was not unduly so, and it had no foul smell. The bed of the 
stream was sandy and not muddy, and its surface was brown. Some of the stones in 
the bed (near the Clayton and Great Harwood sewage works) were, however, found to 


be black where they had been imbedded, and a little fungoid growth was seen on some 
of their upper surfaces. 


The Calder, after its junction with the Hyndburn, receives ‘no further pollution to 
speak of during its flow of two or three miles to Mitton, where it joins the Ribble, Its 
condition, therefore, just below the spot where it unites with the Hyndburn may be con- 
sidered as representing its worst state as regards pollution. 


We made a careful inspection of the river and its bed, both above and below this 
spot. Above, we found its condition unexpectedly good, in view not only of the extensive 
pollut:on to which it is submitted, but also of the statements made with regard to it by 
some of the witnesses examined before the Royal Commission on Salmon Fisheries.* 


The water was fairly clear, stones, etc., on its bed being quite visible at a depth of 
at least 8 inches. Moreover, there was quite an abundance of green aquatic vegetation 
—a very significant sign. The bed, composed of stones, gravel and sand, was quite 


a DRS TR RAI DS EO SEE a | 
* Evidence of the Clerk to the Ribble Fishery Board, also that of Gustaves Garnett, Esq., Roy. Com. 
Salmon Fisheries, Part IT., p. 61-66. 
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clean-looking, and when dug into there was no indication of any black deposit beneath the 
surface. Just below its junction with the Hyndburn, the appearance of the stream was . 
not quite so good, but there were no signs of either present or past over-pollution. The 
only thing we noticed here at all suspicious was a layer of dry fibrous matter about 4 inch 
thick, containing white maggots or worms, spread in patches over part of the river’s banks 
which looked like an old sludge deposit—probably due to wool washings and sewer over- 
flows brought down by storm. 


Estuary of the Rabble.—In order to inspect the estuary we went (in August, 1904) by 
railway to Lytham, a watering-place of some importance, distant about nine miles from 
Preston Quay, and, when the tide had risen sufficiently, returned to Preston in the 
harbour launch. 


We arrived at Lytham at dead low water (neap tide), and made a careful examination 
of the shore, which consists of a broad stretch of remarkably clean-looking sand. Just 
at the margin of the water, however, there was mud and débris of vegetable matters en- 
tangled in it, chiefly leaves, which we were informed are washed down the river at certain 
seasons of the year in considerable quantities. The mud and leaves were black and 
offensive when dug into. But, broadly speaking, no evidence whatever of pollution was 
afforded by the condition of the foreshore, and green seaweeds were virtually absent. 
This can no doubt be explained by the effects of scour, as at the bar, about seven miles from 
Lytham, the tide rises 24 feet at springs and 17 at neaps, while at Preston itself the tidal 
range is from 43-10 feet. 


We inspected the Liggard Brook, a muddy channel which used to carry off the 
Lytham sewage, but now discharges chiefly the treated effluent. The mud banks of 
this brook were brown and not black on the surface, and there was no offensive odour. 
This spot we were informed is the worst to be found at Lytham as regards pollution. 
At the mouth of this brook we found a few fronds of ulva, the only specimens of the sea- 
weed we saw in the estuary. 


We examined a sample of water taken from the channel at dead low tide below 
Lytham pier and found it to contain :— 


Dissolved oxygen - - : - - 5°62 c.c. per litre at N.T.P. 
Chlorine - - . : - - - 14:4 parts per 1,000. 


It was, therefore, fairly salt and practically contained the quantity of oxygen corres- 
ponding with the air saturation figure. 


When the tide had risen sufficiently we went on board the harbour launch and 
steamed up to Preston. 


Just above Lytham we visited a (suction) sand dredger and examined the sand which 
was being raised from the channel. It was clean looking, but. the scum rising from it 
had a disagreeable smell—not, however, like that of sewage. 


As the river contracted, less sand was seen and the shores became muddy. About 
3+ miles below Preston we collected a sample of the water and found it to contain :— 


Dissolved oxygen - - - - - 4°84 c.c. per litre at N.T.P. 
Chlorine - Bh nare . 18 onl - 14°1 parts per 1,000. 


The outfall from the Preston sewage farm is near this spot. 


A little higher up the river we noticed a decidedly sewagy smell, and at Preston 
Quay the water was greasy on the surface, turbid, and generally dirty looking. 


Heavy thunder showers had occurred a few hours previously, and it was suggested 
to us that this had led to a scouring out of the sewers and the escape of storm overflow 
water from them. Mr. Barron stated that the appearance of the river was worse than 
usual, 


We collected a sample of water at Preston Quay and found it to contain :— 


Dissolved oxygen - - 2 + = = 3°41 cc. per litre at N.T.P. 
Chlorine 2 10 25) Gof 20er gest 0 Buepartsy pencl,000. 


6225—Ap. VI. ' 9gU2 
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EsTUARY OF THE RIVER DoUGLAS OR ASLAND. 


We examined this river in August, 1904, our starting point being Hesketh Bank 
station which we reached by train. This place is virtually at the head of the estuary, 
but the river is tidal several miles further up. We walked up stream to Tarleton Lock— 
the end of a branch of the Leeds and Liverpool Canal—and there collected and examined a 
sample of the river water which was brown and turbid and, as its examination showed, 
was unmixed with sea water. 


Temperature of water - - - - 19°0° C. 
Dissolved oxygen - - - - - 2°13 .c.c. per ditre at) Nee 
Chlorine - - - - - - - 0°05 parts per 1,000. 


The banks of the river were here muddy but brown on the surface ; below the surface, 
however, the mud was black. A little green vegetation (of alow form) was found on the 
stones in the bed of the river. 


The lock keeper gave us the following information :— 


A year or two ago he saw both living and dead salmon in the river, but had seen 
none, either dead or alive, that year (1904). Nevertheless in his opinion the condition 
of the river has improved. Formerly eels were often seen near the lock, but not so many 
now. His idea being that formerly they sought refuge from the foul water of the river 
in the overflow from the canal, which consists of fairly pure water, but that now owing 
to the improvement in the condition of the water they do not require to do this. 


He also told us that the water of the Douglas is coloured at times (no doubt from 
dye works’ effluents), being, according to his account, sometimes merely milky and at 
others purple. In his twelve years’ experience it had never been offensive. 


After our examination of the stream at Tarleton we retraced our steps and, following 
the river towards the sea, arrived at its estuary, which may be said to commence at 
Becconsall a little below the Preston and Southport Railway. Here the western side is 
controlled by the Hesketh Embankment (erected for reclamation purposes), which 
extends to the Ribble Estuary and then along it seawards for some miles in a south-westerly 
direction. The enclosed or reclaimed land forms the “ Hesketh Enclosure,” which 
is farmed. 


On the eastern side of the Douglas Estuary the land is a marsh. 


The river channel in the estuary is narrow but well defined, at low tide its bed being 
muddy. We examined a sample of the water near the seaward extremity of the training 
wall—the tide not having then turned, and the stream consisting of fresh water only. We 
obtained the following results :— 3 


Temperature of the water - ; - SAE: 
Dissolved oxygen - - - : - - 3°69 cc. per litre at N.T.P. 


The amount of dissolved oxygen is interesting in view of the previous determination 
at Tarleton Lock about 3 miles higher up. It is improbable that the composition of the 
water had materially changed during the interval, and it may be assumed, we think, 
that the difference in the dissolved oxygen was entirely due to aeration. This difference 
amounts to an increase of 1°56 c.c. per litre. We had no means of gauging the rate of 
the river’s flow, but we estimated it to be not much more than a mile per hour, so that 
the water during a flow of about 3 miles and after an interval probably of from two to 
three hours had gained in dissolved oxygen from about 33 per cent. of the air saturation 
value to about 57 per cent. 


The river was throughout its course between the two places of examination, so far 
as we could judge, very shallow, so that in that respect the conditions were favourable to 
aeration. | 


We may mention that when the tide commences to rise in the Douglas Estuary it does 
so with great rapidity, causing, during springs, a tidal wave or bore. 
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Aquatic vegetation seemed to be singularly absent both from the river and estuary. 
But in a land drain of the inner Hesketh Embankment, though sluice locked, we found 


Enteromorpha wéestenalis in fair amount. 


Our general impression of the whole Ribble Estuary was very favourable. 


In spite of the extensive and populous district draining into it, and the varied 
industries contributing their trade effluents, no marked indications of pollution are to 
be found even a few miles below Preston, while at Lytham all signs have disappeared. 


APPENDIX. 


In a recent letter to one of us Mr. Halliwell writes as follows :— 


“Many schemes for the extensions and alterations to sewage works and manufac- 
turers purification plants are in hand and the work of construction is progressing and on 
completion should result in further material improvement in the condition of the river.” 


He has also kindly supplied us with the following additional analyses which are of 











interest :— , 
Samples taken to show effect of the River Darwen on the River Ribble. 
PARTS PER 100,000. 
: . a Uxygen |aiouy Tas 
Rainfall. Ammonia, |Z hebihed | eS dar 
J) o0 op F S . Z = 5 cs 
5 g a © mo) 4 = Bs 3 |S ~ 
Ss fees $5) 8-}.8 Se ses 
5 o OW ° = =alo : 
E Selss\e3|/2| 8/4 |e B4)% | + Be 52 se 
= Meas t/Olm(4)o as) 4 |/4 Arata 
Samples taken April 3rd, 1906. 
12.15 p.m.| River Ribble before junction 
with the River Darwen 00) 1-00) 035) 3:0} -11)} -025 12) *16| 22). 75 | 6°4 
12.30 p.m.) River Darwen at bridge above 
junction - 2 ; 2 5:0| °71}-08 "12; 32] °83) 6:2 21 
1.45 p.m.) River Ribble $ mile below 
junction of River Darwen - 3°0| -13) "025 “toy SIS) 228 763 6:28 
Samples taken April 5th, 1906. epee 
2.50 p.m.) River Ribble before junction 48 hrs. 
with River Darwen - =| 00) 00} -00) 3-2} -10) -04 16) 10} °40| 7:0 5°68 
3.10 p.m. River Darwen at bridge above 
junction - : - - 6:0} +54) "10 O | °40/ 1:30) 4°6 36 
4. 0 p.m.| River Ribble $ mile below 
junction of River Darwen - 3°4 | 1:06) 03 "16 | -08| °38) 7:0 5:27 
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SECTION 7p. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS. 
ARE POLLUTED. 


THE RIVERS OUSEH, AIRE, DON, TRENT AND HUMBER. 





THE HUMBER AND ITS TRIBUTARIES. 


TOPOGRAPHY 


The Humber forms the estuary of the rivers Ouse, Aire, Don and Trent, and divides 
South East Yorkshire from Lincolnshire. It extends from its mouth at Spurn Head. 
on the east coast of England for about 20 miles in a north-west direction to Skidder Ness, 
and thence in a westerly direction for a further 20 miles to Faxfleet. 

The breadth of the Humber varies from 1 to 2 miles for the greater portion of its 
length, from west to east, and then, from about the neighbourhood of Hull, it increases 
to 4 or 5 miles at Great Grimsby, and to 8 miles near its mouth, where it is narrowed to 
5 miles by the protrusion of Spurn Head on the north. 

- The Humber is connected by its tributaries, together with numerous canals, with 
the Mersey, the Thames, and the Severn. 


THe Triputary Rivers—Ouvuse, AIRE, AND Don. 


Dr. H. Maclean Wilson, chief inspector of the West Riding of Yorkshire Rivers 
Board, has made careful examinations of the rivers Ouse, Aire, and Don, and the authors 
are indebted to him for courteously supplying to them the information which follows. 


The river Ouse, for a great part of its course, where it 1s fed by the rivers Swale, Nidd, 
Ure, Wharfe and Derwent, is a fairly clean natural stream. In spite of some rather con- 
siderable pollutions by the sewage of towns and villages, there is nothing in its waters 
to prevent or destroy fish life. But near Goole, where it is joined by the Aire and the 
Don, it becomes seriously polluted, and it is a matter of yearly complaint that the gross 
pollution of these streams has not only destroyed fish life in them, but that their dirty 
waters have poisoned the whole of the waters of the Ouse where they join it, and prevent 
the passage of salmon and other fish trying to ascend from the Humber. | 


The Ouse, above the point where it js joined by the Aire, drains an area of some 2,636 
square miles, and with its chief tributaries comprises a length of stream considerably 
over 450 miles, nearly the whole of which is available as breeding ground for salmon, 
if they were permitted to reach it. The Aire, with its nearly equal affluent, the Calder, 
drains an area of 810 square miles, within which lie nearly the whole of the towns and 
villages in which the woollen trades of the Riding are carried on, as well as many chemical 
works, collieries, paper works, and other premises from which grossly polluting liquids are 
discharged. The waters of the Aire and Calder, above their junction at Castleford, are 
grossly polluted by sewage and trade refuse, but between Castleford and Airmyn, near 
to which the Aire joins the Ouse, there is little additional pollution, and some purification 
takes place chiefly brought about by the deposition of polluting solids in the river bed. 
These solids are swept out into the Ouse by freshets, and thus that river is most poisoned 
at the time of floods, just when salmon are trying to ascend to theupper waters. | 


The Don drains an area of 682 square miles, within which lies much of the coalfield 
of the Riding, and in its upper reaches 1s seriously polluted by the sewage of towns and. 
_ villages, more especially by the sewage of Sheffield. But the most serious possible pollution, 
with regard to fish life, is that by the discharge from mines of ochre water, which contains 
iron in suspension and solution, and free acid in such quantities as to be fatal to both fish 
and plant life. “Between the most polluted stretch of the river and the junction with the 
Ouse, the river has, like the Aire, a long course in which it receives little further pollution, 
and in which a-similar temporary deposit of polluting solids takes place. These solids. 
are swept out into the Ouse whea the river is in flood, and poison both bed and water of 
that river. . : pe 

Table 1 shows the condition of the waters of the Aire, Calder and Don, atter they 
have passed through the districts in which they are most grossly polluted, and the effect 
of a-flood upon the Calder in stirring up and carrying forward the filth which has settled 
in the river bed... The first three analyses are averages of twelve analyses of samples taken 
_ quarterly from September, 1898, to June, 1901. The samples of flood waters from the 
_ Calder were taken during a high flood in November, 1901, the first after the exceedingly 
dry summer of that year, the rainfall at Wakefield being 2°81 inches in two days. — 
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The Aire empties itself into the Ouse at Airmyn, a place about 54 miles above the junc- 
tion of the Don with the Ouse. The banks of the Aire about Airmyn are almost. per- 
pendicular and are covered under high-water mark with a thick simy mud. The width 
of the stream averages about 150 feet at low water, but the mouth of the river is divided 
into two portions by Asselby Island, around which the Aire waters are held up by the 
flood tides and which divides the flow of the waters as they pass up and down the channel. 


The Ordnance map shows Rusholme on the Ouse about 14 miles above the main mouth 
of the Aire. From Rusholme to the Don mouth, 6? miles, the Ouse varies very con- 
siderably in width, being about 800 feet across at the mouth of the Don and 1,700 feet 
at Howden Dyke Island at high water. The navigation between these places 1s very 
difficult, as the depth varies owing to the presence of sand banks, which are frequently 
changing their position. The banks of the Ouse are very steep and are in many places 
covered with willows within high-water mark. es 

From Don mouth to Swinefleet, a distance of 2 miles, the banks of the Ouse are 
protected by training walls made of slag, which may possibly give rise to considerable 
pollution by sulphides. In fact, on many occasions a distinct odour of sulphuretted 
hydrogen has been noticed when drifting near these walls. 


The channel.of the Don-near its mouth is quite artificial, it. was,.made.by .Vermuyden 
in. 1637, and is.a straight-cut with steep. banks. : 


The rivers: are influenced by the tides for’a great: distance>above Goole—the Ouse 
as far as Naburn Locks, a distance of 27 miles; the Aire and Don1l6}:and.17 miles above: 
their respective junctions with the Ouse. The rate of flood and ebb varies very greatly.. 
During spring tides the flow lasts about two and a quarter hours, with an ebb of nine and a 
quarter ‘hours,:and:a period of quiescence of about halfvan hour. at: highs and. low water. 
During: neap tides the flow lasts four hours ‘and the ebb seven anda’ half: hours. * 


. . Dr. Maclean Wilson has made the following tests in order to determine the amount of © 
sea water brought up by these tides :—At a spring tide on October 29th, 1901, samples.. 
were taken at Swinefleet every five minutes during the two and a half hours of flow, and 
every fifteen minutes during the ebb of nine hours. Similarly, at a neap tide on November 
4th, 1901, samples were taken at.the same place every ten minutes during the flow of four 
hours, and every fifteen minutes during the ebb of seven anda half hours. . The chlorides 
were estimated, and the following results were obtained :— 


Spring tide. Parts Na(l per 100,000. 

Low water, 5 a.m. -. - . SOD 70 
oe 7. © +O uit, - ; . : 310 © 
ay Prete fg arllig = - - . . 960 
a oes 7.20 a.m. - : : : 1,490: 

High water, 8am. -. - : : 1,400: 
i Pei eee te a ee 1,300 
od em Ss Se - : - 1,120 
9 eae nl yee tll. ce : : ‘ 750 
39 29 12 a.m. - : = : ‘ 620 
2 ry) 1 p.m, - : : ‘ ‘ 520 
93 whe a? PAD : . . 380 
99 » 3 PMm.- -. anata 260 
” ” 4 pm. | . - : : 180 
” ‘90 9 Ot Dele oa ees : 120 

Neap tide, 

Low water, 9:50 ame... f : 20: 
29 99 10.0 a.m. “ - 225 i 2° 2 
” jt OL] .OLaumyo? a. 2 ; x 25 
- ie 91 QcAonesd ye : 2 au 60 
99 hs 1.0. pm + . ‘ cee & : 150. 

High. water, 1.55.p.m.» . : : 370 
3 9» 2.0 p.m: ” - : : 400 
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Neap tide. Parts NaCl per 100,000. 


First ebb, 2.35 p.m. . goed 
be of ee Delay : - 540 
9 29 3.0 p-@. 4 : . i 480 
as x, 4.) p.m. sims : 280 
af : 5.0 p.m. : . 180 
AF ¥ 6-0. p.m. : . : 140 
a Se 7-0. p.m. : . ; 90 
re es SA. p.m: . : ‘ 60 
- a 9.0) p.m. . . - . 30 
Es o>.) 10.20, Pym. : : - : 25 


Taking the amount of sodium chloride in sea water at 3,000 parts per 100,000, the 
above figures show that, while at the top of a spring tide the water at Swinefleet consists 
of an equal admixture of river and sea water, at low water of a neap tide there is scarcely 
any sea water present. At dead low water of a spring tide, on the other hand, there is 
still a small proportion of sea water present, and at the height of a neap tide there is, 
roughly, about one-fifth of sea water to four-fifths of river water. 


During the spring tide the river rose 12 feet in the first hour of flow, 5 feet in the 
second hour, and 3 feet during the remainder. The first big rush of flood water is, there- 
Jore, practically the flooding back of the waters which have come down during the latter 
part of the previous ebb, and this is followed by a slower flow of water with a gradually 
increasing admixture of sea water. It is apparent from these results that the river 
water passes several times up and down the river channel before it becomes thoroughly 
intermingled with the sea water. , 


Dr. Maclean Wilson, in order to test the effects of the waters of the Aire and Don upon 
those of the Ouse, has made a large number of analyses, which are auoted in Tables 2, 
3 and 4, of samples which were collected at the following points :— 


(1) At Rusholme Grange, on the main stream of the Ouse, 11 miles above 
the mouth of the Aire. | 


(2) In the river Aire, at short and varying distances up the stream. 


(3) At Skelton, on the Ouse, 3 miles below the mouth of the Aire, and 24 
miles above the Don. : | 


(4) In the river Don, at short and varying distances up the stream. 
(5) At Swinefleet, on the Ouse, 2 miles below the mouth of the Don. 


These samples were taken at different tides, spring and neap, at different states of the 
tide, and, as far as possible, under different weather conditions, as will be seen from 
the accompanying tables : 


The methods of analysis employed by Dr. Maclean Wilson are those in common use. 
For the estimation of nitrites and nitrates the filtered liquids were taken, Griess’s method 
being followed in one case and the phenol-sulphonic method in the other. The estima- 
tion of ammonia and oxygen absorbed was made in the well-shaken liquid containing the 


whole of its suspended matter. | 


Great difficulty was met in estimating the dissolved oxygen on account of the large 
quantity of warp or silt in suspension, for although after standing some time the greater 
part of the suspended matter settled, yet a very fine substance remained in suspension, 
and was difficult to remove, even by filtration. : ss : 


After numerous experiments and various attempts at filtermg without exposure to 
air, the following method was decided upon. - Samples were collected in an aspirator 
bottle about 800 cc. capacity, by immersing. the bottle in the river so that the water entered 
by the bottom opening, driving out the air at the top, until the bottle was brim full; the 
cork at the bottom opening was only removed.when under the surface. of the water, in 
order to avoid the risk of air entering along with the water, and to ensure absence of 
surface water. Into the bottle thus filled there. was introduced: (a) 3 cc. of a saturated 
solution of aluminium chloride to which sodium carbonate had been added until a pre- 
cipitate was just beginning to fall: (b) 3 cc. of a saturated solution of sodium carbonate. 
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The bottle was corked without allowing any air to enter, well shaken up and allowed to 
stand, when the precipitated hydrate of aluminium brought down the suspended matters 
very quickly and left a clear and colourless liquid. This supernatant liquid was syphoned. 
into a 300 cc. bottle and Winkler’s method used for the estimation of the dissolved oxygen, 
the determination being made at the time the sample was taken. This preliminary 
treatment was only adopted after a long series of experiments on waters containing varying 
known quantities of dissolved oxygen had shown that the amount present was not altered 
by the process. 


Dr. Wilson notes in reference to his analyses, that the samples, with one exception, 
were taken during a period of great drought when the rivers were at their lowest, and 
therefore when there was least dilution of polluting matters. As already stated however, 
it is found on the other hand that there is under such conditions a large deposition of 
solids from the waters in the upper reaches of the rivers, and that it is during freshets 
that these accumulated solids are swept out into the Ouse, and this increased pollution 
during a freshet is well shown by the sample taken on November 12th, Table 3, when the 
rivers had been some twelve to fifteen hours in flood 





G8-¢ 











$c |qnow oaoqe-w fy oary 

































































2 PR 8-9F QF-1 F1-0 0-0 | F1-0 F1-0 0-2 VF V-6F ¥-01 9-48 02°¢ cL 
a a LG-¥ G-6E 6E-1 61-0 0-0 | FI-0 11-0 GG yh F-0F -L 9-0 OL'% a ae iie Se MOMRGE 42 8800) PT 
5 StS] OLS 0-1F CHL 91-0 0:0 | 1-0 1-0 0-6 0-9 0-87 9-8 SFL ai Tihs me MOPARS IS sENQ | ST 
Se CLE 0-F1 60-1 61-0 | 10-0 | 20-0 09-0 0-18 F-01 0-601 | ¥:% 0-F% 0 I “ — € | qynou oaoqe wf uoq | ZT 
- =, "TL" 
— WB IOAN | 0E-G G-BE 19-0 6-0 10-0 | OT-0 LI-9 0-86 v9 0-89 G-9 6-09 GIL | poopays | - goopourmg qv asng | TT 
. bn 00 On 24 - 
*alOOx) 4B ULE “YF TT opty devon “Ue 10yVM “UTI ON "LOGL ‘ples tequreydeg 
te 9 Ie 4 Deis |B TTF 10-0 0-0 | &F-0 0-0 0-01€ | 0-FE O-L1F | O-LE o-4te | stg “ $1.) - Joopoutmg ye osng | OT 
4 96: 0-916 | €1-9 10-0 0-0 | §9-0 60-0 L866 | 0-GP 0-0¢E | 0-09 0-91G | O-F ‘\ 9|-  - qynour ye uo | 6 
oh B. EL-G- | 0-19 “O8-T 10-0 0-0 | L1-0 10-0 Geese | 0-16 O-86F | OST O-8IT | 0&-@ “ $F] -  — woqpoyg 4 osng | 8 
Sey 98-T 0-GIZ | 6¢-P 0-0 0-0 | &F-0 10-0 O-TLT | 0-¢ 0-976 | 0-0F 0-G9E | OT “ 4G) - uduLITy 9e ety | 2, 
“Wed LOATY | OG.G ¥-0 OL-1 O1-0 0-0 | 80-0 | g100 G-69G | O-GP 0-4 | 9g 9-€¢ sV'al ‘qqo "say GZ} - owmpoysny ye esngQ | 9 
see 
“9[004L) 18 “UL Tv “aye 9T Opry sutidg “U['eO 1998 M § Ure. Aavoy ou 4gnq ‘Aep Sulinp O[ZZLIp qu sts ‘10T8O MA “LO6L ‘TILT requieydeg 
Ss 
or) 
oD = 
‘umpeg a 0.986 | SLF €0-0 0-0 | €¢-0 10-0 0-182 | 0-09 0-6L€ | 0-6F 0-G6F | 0° a L| > JeefOuIMg ye esNQ | g 
4 : 4 0-786 | 0-F G0-0 0-0 | #9-0 | G10-0 G-L8T | 0-FF O-TLZ | 9-L9 9-919 | SIT " 9/-  -- Ygnour 4e uog | F 
‘Addoyo =“ =~ 0-661 | 1¥-% 0-0 0-0 | 8-0 10-0 G96 | O-LP 0-168 | 0-08 0-886 | 6's “pl > wogpaHG ye esng | ¢ 
oS tes 09-1 0-GOL | 0-2 G0-0 0-0 | &G&-0 10-0 G-LET | 0-6 0-061 | 0-¥%% 0-981 | GFT eae uAULITY 98 OILY | % 
“WYBD LOAN | 00-4 8-98 16-0 70-0 0-0 | 60-0 | F100 O11 | O-&€F 0-066 | GL-L GL-99 0 T qq ‘sty Z| - ewpoysny 4¥ esng | T 
a 
, HOBMST |S esoy | COMMSL| sen 
eeltt 4 [uote il 308 *S94B191 NT rove 7 ELM “TN Ogee esate al | pet 
1 2 ees a . IN ay TORN ‘MOTINIO ‘uotsuedsn ‘Opl, ~ 
‘SyIvUloy ul ul gg se HETOS ; 8 ‘OUILT, é 7 ‘90R[q Puv OAT ‘ON 
uesAxO | 1aq]RUi Saks " |Soplqory a ee 
peajosstq] snovortig | P to ‘4 SB U9SO14IN UI Spr[og 

















9[004) ¥e “Ur | “4. ST py Sutsdg 











‘Quy, LOYIVO MM 


(o00'00T tod s3xed ut syynsexq) 








— HOSIEM, Ueopeyy “aq Aq ‘TO6T ‘10q090H puv roqmo4dog Futanp efooxy avou poxoo{fod sodures JoOAtt Jo sosAteuy—"Z AAV, 


‘L061 ‘pag taquieydag 





331 








‘soared 10y40 4e 











“poyjour $107 ULM Ae 
































0-6F1 








6 ce 


- eWpoysny ye osnO | 
















































































se Hhoms Oe nou’ opty |S ec.¢ |. 07e7.| oF9 fst | 0.0 60:0 | aee" | oet oF | get | * G OF 
E, * LZ O-1FL | SLL 90-0 0-0 90-0 0-9 0-2 0-€8 0-€60T} O'% ‘say ft} - — udumary qe osry | 6¢ 
ios eee s 16-6 | 0-688 | 0-9 80-0 0-0 ¥0-0 O-9EL |. HT O-GLT 0-869 | O8°9 | SULULOL| - —_—WOSTONG 9” eSNG | gE 
uor4s ATA Opry, | . 6Z-Z 0-60% | G0-9 80:0 0-0: 0-0 G@ZPT | 0-08 0-806 0 439 0°9 “  “" & | + ygnour oprsyno uogy | 1¢ 
“Ayprder Surstx ‘ar . , 
JoAtd “Suorys KoA. Opry, | ET-€ 0-393] 19-4 OT-0 0-0 £0-0 | ..0-996' J. FOF GSES O-13F | GG | poop ays |.- yoopourmg ye osng | 9¢ 
| ou A: TE ae MESS Odo Bee amen rete Po 

"Q[OOX) 4B “UL TT ‘4y 61 °pya Suudy ‘ep snotaoid uo ured ou“euy pur Wed 1ey4Qva MA LOGI ‘436% 19q09909 
BY 62-G 0-79 06:1 60-0 0-0 10-0-° |b % OF 0-98 |" b 6-16 ceG “ $F] -  yoopoutmg ye osng | ¢¢ 
“mye | ¢3-g F.86 66-1 60-0 0-0 1-0 L-9 44 0-¢ 9. G 8-8F re'F S Fil - - yqnour 4e uog | Fe 
; 61-9: GLT 88-0 10:0 0-0 61-0 GF. FE FAS 9 9-1¢ ce'P E fe} - UOJOAS 78 OSNO |} FE 

‘Yynow a oS Aan Tae: 
Mojoq 4ysnl uoeyxey ‘ = s 

ofdures ‘mor AoA opty, | ¢9.9 FF 12:0 10-0 0-0 Gt.0 | 064 ¥-€ OBE. | F6-0 | FB-2 OF “ $6} - = ygnour qe orry | oe 
Avoepo pue Wye Jeary | @G.9 9-9 $2.0 90-0 0-0 ZL-0 LE 0-8 0-62 | 8F-0 G11 oe’ qq “sty Z| - swpoysny ye esng | 1¢ 

‘Q[004) 4B “UTg “AF OL py deon “UCL FUSS YIM ‘AZSoy puwe ploo 104IvO AA "TO6T “STZ 10qoq90 
Buqqo Atmos opty, | ett. |, 0.08 10-T |. 81-0. | 00 60-0 | o-Gor |: 0-02 | .0-g9T | 0-09 | OF6 |} G42 ‘sIyE | - ompoysny gv osng | o¢ 
‘OpHON | 10-1 | 0-0¢ Gé-1 02-0 0-0 G00 | 0-011 | 0:06 0-L9T Z-88 GOs) (seve ata eu AULTY Am ely 46a 
‘sus you 0-3 f 8-9 a 86-0 0-0 £00 | “Ose » 0.84 O-LEF 8-99 02'8 i 8 Bt Ae DOUBTS 18 99NG |) ee 
“8u013s8 AIOA OPLT, | $Z-T 0-G0F | 08-4 63-0 0-0 400 0-006 | 0-08 0-912 0-99 Gh | Your eaoqe ‘ut ¢ uo] | 1z 

“A[pided At9A.Sursta es He =o 4 - 18 ; "qoayfoulMg 
TAIL “Suors AOA Opry, | 1G-1. | O-FFE | 19-9 Q-0 0:0 £0-0 O-ShS | OTF O-FFE |: 0-GL9 | OF'9 | poop ’saqy FT} eaoqu “ux § sng | 9% 

. e Abe we : Ure : ee 

‘Q[00H) ye “ULF 4F 9 Opy sutudg : “W]@d pBep SLOATI “pfoo ynq “ouy AJOA IOT}VO AA “LOGL “WIFT J9q07009 
gO 68-F | OIF | €9T 0-0 “1 0-0 86:0 | S6 O-€ 0-6F 9-41 | oF “ £8 {Nout oaoqew Fy erry | 9g 
& & ca 0€-¢ 0:9F 89-1 0-0 0-0 1€-0 0:3. 4 0G 0-1 #9) Cle “ 6] > ewpoysny 7 
‘Addoys aaa’ C9F | F901 |- 99% | 90:0 | 0-0 LE-0 | tl | OF 0-06 O-e8L | OL “ FT] = uoaoys ae osng | ¢% 
| SUBS GE-F | G96 || GET F1-0 0-0 9F-0 OL |. 9-9 0-88 9-81 Ol EI | Ynou oroqe ‘uF uog | ZZ 
‘Addogo Aroa cowry | 1¢- | OS «| 8hT | 80-0 .| 00 86-0 | > €S1 vr |) 0-8G 0-82 | GLZI | poop aq f | - yoopourmg ye osng | 1g 

‘OTOOS) 1B “UL TT “43 e| epry dea yy > . “pum Suoi4s YL Souy 1aTy"9 AA “LO6L ‘W921 19q0999 
‘utes ous ufeg | 29-1 | 0-602 | F8-F | geo | 0-0 zo-0 | oor | ovr | oveg | o9e | F69¢ | ge'e « Fg] - yoopoutmg ae asng | 03 
"qsvy AIOA Oply, | 89-T O-88E | ¢e-8 96-0 0-0 00 | 0-096 | 0-98 9-F9F 9-169 | FG eae Wiiactomscel 
GG ee 6-1 ¥-6Z1 | 60-8 GZ-0 0-0 0-0 0-G9F | 0-49 0-669 | ; 9-206 | O€'T re iF - —- UOITPYG 9B osng | st 
‘ured QUSyS SURED | 16-0 ¥-9F 66-1 96-0 0-0 0-0 0-293 | 0-0F 0-ace |: 0:48 06°21 fe|-  udwary ae oary | 2T 

? = uU’ 
‘myeo pue oulg | J.T G.9% 78-0 76-0. "14 0-0 0-098 0-Fg 9-1LF |: O-L¥ OC IL.| 49% “SY GE] - ewpoysny ye osngQ | 9T 
: - . 7 . - “ule - 





"9]OOX) IB 43 GT apy Suudg 














— 





‘Aep Surmnp ures yy sys A194 neo aoa JOAN 








“LOGT “ST 1040990 


332 


The foregoing tables of analyses are extremely interesting and instructive. On 
carefully studying the results, it will be seen that, while the spring tide samples are more 
affected by tidal water and contain decidedly smaller quantities of polluting matters in 
solution than the neap tide samples, they nevertheless contain smaller quantities of dissolved 
atmospheric oxygen, and absorb larger quantities of oxygen from acid permanganate. 
It is difficult to offer any explanation for this apparently anomalous condition except on 
the assumption, which has already been explained in the cases of the rivers Liffey and 
Thames,* namely that the de-aeration, and large absorption from permanganate, are due 
to polluting solid matters in suspension in a state of putrefaction. ae SCS 


As already noted, Dr. Wilson has observed that the waters of the Ouse at Swinefleet rise 
twelve feet in the first hour, five feet in the second, and three feet during the remainder of 
a spring flood tide. A rise of water so rapid must obviously produce an extremely powerful 
tidal current in the Aire and Don immediately above Swinefleet, and one quite sufficient 
effectively to stir up polluting solid matters deposited during the less powerful currents 
attending neap tides. That such a disturbance of solid matters from the beds of these 
rivers in the neighbourhood of the Ouse does in reality take place at flood spring tides 
is shown by Dr. Wilson’s analyses Nos, 37 and 39, Table 2, when they are compared with 
Nos. 36, 38 and 40. The first two samples referred to were collected at the mouths 
of the Don and Aire respectively, and the three last named at different and intermediate 
points along the Ouse. The first two samples contained 685 and 1,093 parts of suspended 
solids per 100,000, while the three latter contained 421, 648, and 704 parts per.100,000 
respectively. | | 


On referring to the quantities ot suspended solids recorded in Table 2 for neap tide 
samples collected at the same points along the above three rivers, it will be seen that they 
are much less, varying between twenty-four and ninety-seven parts per 100,000. 


It is evident from these results that the disturbance of the beds of the rivers in the 
localities referred to is comparatively nil at neap tides as compared with spring tides. 


In all probability the especially gross pollution of the Ouse by the Aire and Don 
which has been noticed by Dr. Wilson during freshets after dry weather is much more 
largely due to suspended solid matters in a putrefactive condition, than to matters in 
solution. The latter would be largely diluted by the flood waters (compare the analyses 
recorded in Table 1). Further evidence in reference to this question will be described 
a little later on. | FER & 


The degree of aeration in the spring tide samples is generally below the minimum allow- 
able for the protection of fish life +; that in the neap tide samples in Table 2 is generally 
above this limit. It is evident, however, from the results recorded in the two succeeding 
Tables 3 and 4 that the waters of the Aire at low water spring tides are sometimes at least 
decidedly polluted by matters in solution as well as by suspended solids, and de-aerated 
to a degree which renders them unfit for the support of fish life. 








¥ eae I., Chemical Changes, etc., pp. 88-91. See also p. 133. .+ Section I., Chemical Ching>s, 
ete,, p. 66, . 
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CONDITION OF THE WATERS OF THE HUMBER AND ‘TRIBUTARIES IN 1904. 


The authors of this Report made an inspection of the Humber from the Ouse at the 
junction of the Aire down as far as North Killingholme Haven on August 30th, and 
31st, 1904, and they have to express their obligations to the corporation of Hull for the 
courteous assistance which they received from that body. The authors were provided 
with a steam launch and with the services of a Goole pilot for navigating the upper waters 
of the Humber, which are extremely difficult owing to the constant shifting of the position 


of the sand- Hanks. 


They were accompanied on their first day’s inspection by Councillor W. Hakes, 
F.R.G.S8., member of the North-East Fishery Board, Councillor G.L. Scott, J.P., Deputy 
Chairman of the Water Committee, and Mr. F. W. Bricknell, Assoc. M. Inst. C.E. , Assistant 
Engineer to Hull. These gentlemen rendered the authors much valuable assistance 
from their local knowledge of the Humber and of the districts lying on its banks. 


It was considered desirable, as the time at the disposal of the authors for the purpose 
was very short, to select ebbing tides as offering the best water conditions for collecting 
typical samples for examination. The tides at the time were passing from springs to neaps, 
and high water at Hull on August 30th was at 8.46 a.m., and just fifty-nine minutes 
later at Goole. It was therefore decided to commence with the examination of the 
lower portions of the Humber, and to leave that of its upper portions and tributaries to 


the second day. 


_ The particulars of the samples collected and the results of analysis are recorded in 
the succeeding Table 5, the second day’s samples being placed first for convenience of 


illustration. 
_ The dissolved oxygen and chlorine were determined immediately on collection ; the 


former by Letts’ modification of Mohr’s ferrous sulphate method,* the latter by the 
ordinary silver method. : 


_ * Section on Field Work, p. 221, et seq. 


6225—Ap. VI. 2Y2 


336 


‘uorsuedsns ur pues pu Avpo UMOIG JO S0191,UUNb o[qedopIsuod pourequod ‘gy pu ZI ‘LT ‘SON ‘erty qse] oy qdeoxe sordiavs oy} [TV 


‘nH 4 
UVY} IOV] SOYNUTUL GE ST BOON Fe IO¥wA YSIHY “ET 07 g Sopdures 10J [PNFY 9" 19q¥VM YSIY Jo yey, Wor pu ‘/ 04 [ sofdures 10; [O04 4v 197M YSIY Jo OUT} OY} WOT, U9Yvy Usaq sey OPT} oY JO eee 


ar a ere ape a a rt ee 








40-0 0-0 1-0 100-0 | 16-39 7 L-31 | OLF | — | 0-066T | Z-9T ee uit 0-96 [ee TE pe Paoepine Moped “431% “OMT | Sk 
GF0-0 0-0 €1-0 G00-0 | 16-4¢ | 79:1 | 8hF | 6FG | O-OIT8T | 8-91 pooy “ tT 0-9 Pe ones U9ALH] EMpoYsuITTY yevorqe ‘oquinyy JOAN | ZT. 
TH Jo 1181920 
TOMES JOIST 4SeyT puv ‘oyejso yoo] 1epurxely 
F0-0 0-0 ST-0 100-0 €6-GG 9)-31 1-3 | 9F-G | 0-O98T | 8-91 eee rat ®) 0-66 Ayiwe1yxe y4seo 4sverqe [ouuvyo-plt Jequiny, JOA] IL 
$F0-0 0-0 1-0 | S100-0 | F1-6¢ | 00-81 | G&1 | 18-4 | 0-B621 | Z-LT ed Ble: 6 0-9 - > = s MOARTT MOLIVG ysvorqe Joquinyy ISAIy | OL 
GE0-0 0-0 61-0 G00-0 | G9-8¢ | €8-ZL | 79:0 | — | O-€F3T | GAT et 0-06 Sp Ae es se SSO BEMS MOIST ater AORTT oG 
a 0-0 T-0 | $800-0 | 19-2¢ | ALLEL | SFL | 8-9 | O€LOT | 8-LT qqe nog > 0-02 - [oumeyy YyINog ‘purs] sproy ysvorqe roquinyy Jeary | 8 





‘mre OFS TMH 9% oye M YSTH “MIOg ysusny 
































aoe a —_— = —— —— — | 68-7 | 0-292 {| SLT oN) See 0-9T - ae - SSON WOFFIYM JSvoIgqe JoquINy] IOAry | y 
ae Z cr aod F6-1G | OFET | LLL | 96-F | 0-G0G | 0-AT SEE G61 - 5 ss ee = Yqnour 48 query, rea | g 
920-0 0:0 | $60 | 600-0 | 22-59 | 1GET | 161 | EF | 0-F9F | O-LT ph sare 0-1 - 7 = query, Jo Ynour oaoqe ysnf osnG Jeary | ¢ 
ey: 
ee =< Ee ey — —t 8s O9-G) e200. «| 0-21 a eT 0-4 : 5 , - - gjooxy oaoqge ysnf esng a9SATY | F 
¢€0-0 e0e1} €-0 100-0 G8.eG CLP | 620.1 10-6 (-0-8S Oak it se | GT ‘ - - - - - eyAqT UspMOF ysvoiqy | ¢ 
LE0:0 “| 0-0 92-0 100-0 | 60-G¢ | 80-FI | 32-0 | 91-6 | 0-09 0-41 Ot Pech rere Sit ot Eon i on i SLO EGG Rea tet oe 
40-0 100-0 £6-0 0-02 i= e¢.¢G COP 4 LEO GLE | Se-8 0-L1 qqe anoy = aie? - - oITY IOATY JO yYnour eaoqge ysnl osng JAI | 
| | ‘SOL rie 
ormesiQ} ‘O'N | ‘ON | “HN °00 °N zo) Te) ' 
°O | ‘10 ®N |‘duey,| ‘opr Jo o7"9g eat ACATH Ys : 
—se U0Z0I}IN ‘so8¥8 Poa[OssIcy i meat ‘sopdureg jo savpnoyaeg ‘ON 
soouRqsiq, 
{ 
“Ite OY} YJIM 40V49U09 Jo 4nO . F 
qdoy Sureq sopdures oy} { sopdures yo uo100][00 s09ye skep ET aba es ena 








"000‘00T tod sqzed sv syuongiysu09 1940 f e191] 10d req "WU (9) pue “O.O 4% *00 Ul posseidxe sese4y 
‘Ul'® J [OL 9]004) 48 109R MA Str “STE gsndny 


‘F061 ‘ISTE puv TOE JsnFny poqoo][oo “wequinyzy pue quory, ‘ory ‘osng SIOATY ayy JO s104¥ AA [epLT, otf) Jo sojdmeg jo sosAyeuy—‘e AAV, 


337 


' At the same time samples were collected in bottles of the form designed by Adeney * 
for the purpose of keeping their contents out of contact with the air for subsequent ex- 
amination by his aeration method.t With reference to Letts’ volumetric method for 
the determination of the dissolved oxygen, it is of practical importance to note here that 
no difficulty was met with from the suspended matters in the samples analysed, that 
is to say they did not interfere with the end reaction, as Dr. Maclean Wilson found that 
they did when using the Winkler method. 


SALINITY OF THE WATERS OF THE HUMBER. 


On reference to the results given in Table 5, it will be found that the sodium chloride 
determinations show that the approximate ratios of fresh to sea water, taking the amount 
in pure sea water at 3,000 parts per 100,000 was as follows :— 


Nos. , Fresh water : Sea water. 
1. Ouse above mouth of Aire - +» + + Trace‘only of sea water. 
2. Aire at mouth - 2 : : Ms 59 : 1 
3. Ouse abreast Howden Dyke - - . : 49 1 
4. ,, just above Goole” - - - - - 14 1 
5. ,, above mouth of Trent’ - : : - 6 ] 

6. Trent at mouth : ; 3 es . - 5 i 
7. Humber abreast Whitton Ness : : 3 1 
oe Sh e abreast Read’s Island - - - 2 1 
Od eps 15 feet below surface - - - - 3 2 

10. + abreast Barrow Haven - - : 3 aL 

11. ,, abreast East District sewer outfall, Hull 6 5 

12. ,, abreast Killingholme — - - - - 1 2 

13. a 21 feet below surface  - - - 1 2 


It will be observed from the above figures that during the ebb average tide the 
proportion of sea water in the Ouse just above the mouth of the Aire was exceedingly 
small, and that it increased very gradually down stream until at North Killingholme 
Haven, a distance of 36 miles, it occurred in the proportion of 2:1 of fresh water. 


The results for the bottom samples, Nos. 9 and 13 when compared with the corres- 
ponding surface samples, Nos. 8 and 12, show that the fresh and sea waters in the Humber 
are well mixed even in calni weather, throughout their depth, and that they exhibit in this 
particular a marked contrast to the waters of the Liffey Estuary,* in which the fresh 
waters remain on the surface of the sea water so persistently in calm weather. 


SUSPENDED MATTERS IN THE WATERS OF THE HUMBER. 


The waters of the Humber retain the brown colour which is so characteristic of 
those of the Ouse as far down stream as North Killingholme Haven, where they begin 
to assume the ordinary green colour of clean tidal waters. 


The brown colour is caused by quantities of silt, or, as it is locally called, “warp,”’ in 
suspension. These suspended matters are composed of clay and sand, and are much em- 
ployed for improving land by flooding it with the waters, whereby, as the authors were 
informed, clayey soils are lightened, and as much as a foot in depth can be added to them. 
On the Hull side of the Humber and some miles below it much land has been reclaimed. 
On the other hand, at other parts of the coast land is being washed away. 


It is obvious that where the tidal currents are sufficiently strong to stir up solid 
matters of this kind and to bear them in suspension for long distances, they could do 
the same for polluting solid matters, and it is not improbable, having regard to the enor- 
mous quantities of such matters which are discharged into the upper reaches of the 
Humber and to the fact that the whole of the sewage of Hull and of Great Grimsby is 
discharged into the Humber in the crude condition at all states of the tide, that they 
are very widely distributed in small quantities throughout the waters and along the 
bed of the Humber. 





* Section on Chemical Changes, etc., fig. 2, p. 97. t Ibid., p. 96, 
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AERATION OF THE WaTERS OF THE HUMBER. = © 7 


The results of the dissolved oxygen determinations show that the aeration of the 
waters of the Ouse from the junction of the Aire with it down to the neighbourhood of 
Howden Dyke, a distance of about 1} miles, was well below the minimum limit of aeration 
possible for the support of fish life. But at Goole, a distance of 4 miles down stream, 
it just reached this limit, and gradually but steadily increased to 5°49 ec. oxygen per 
litre at North Killingholme Haven, which as already stated is about 36 miles below the 
mouth of the Aire. But even at that point the waters were not saturated. Mixed sea 
and fresh water in the proportions of 2 :1 im which they there existed would hold im solution, 
when saturated at 16°8° C., 6°07 cc. oxygen per litre,* or if taken, as is usually done in 
practice, as one half the dissolved nitrogen, the volume of oxygen required for saturation 
would be 6.32 cc. per litre. 3 = . 


It will be observed that the last two samples recorded in Table 5 were collected on 
the flood tide one and a quarter hour after low water at Hull. They were collected in 
the channel about 9 miles above Great Grimsby and about 15 miles above the mouth 
of the Humber. It is evident from the results of analysis of these two samples that the 
flood waters, at least during the earlier hours of the tide return in a slightly de-aerated 
and polluted condition. ; ee : 


POLLUTION OF THE WATERS. OF THE HUMBER. - 


The fact, that the aeration of the waters of the Humber was found to be well: above 
the minimum limit possible for the support of fish life, proves that at the time of examina- 
tion they could not have been seriously polluted, and the results recorded in Table 
5 for those samples that were kept out of contact with the air for thirteen days, proves that, 
although they did suffer from some pollution, still it was of a slight and mnocuous 
character which presented no danger to fish life. 


The minimum loss of oxygen on keeping for thirteen days out of contact with the 
air was 1°25 cc. (No. 1) and the maximum 3°96 cc. (No. 10), oxygen per litre. The 
maximum loss allowable for third class tidal waters of the composition of sample No. 
10, which, from the quantity of sodium chloride contained in it, consisted of two parts 
of fresh and one of sea water, when kept for forty-eight hours out of contact with the 
air, is shown in Section 1, p. 65 (Table 24) andp. 67, to be equal to’(48 « 047) + 2°7=5°0 
ec. oxygen per litre. Aaa! 


These figures indicate that the rate of reduction of aeration of the waters of the 
Humber on account of pollution was less than the rate of absorption of oxygen which 
they would exert from the atmosphere. 


As regards the character of the polluting matters, it will be observed on reference 
to Table 5 that neither carbon nor nitrogen fermentable substances were found in the 
sample which was collected from the Ouse above the mouth of the Aire, after it had been 
kept thirteen days out of contact with air, and only traces of ammonia were found in 
the other samples. It is therefore safe to assume that the dissolved oxygen which was 
absorbed during the time of keeping out of contact with the air was mostly, if not wholly 
taken up by nitrogen fermentation, and that the carbon fermentation stage,t of the 


polluting matters originally present must have been completed, or nearly so, at the time 
of collection. 


With reference to this question, it must be noted that it is possible that part of the 
oxygen which was absorbed in the case of some of the samples was taken up by the 
oxidation or fermentation of minute quantities of solid polluting substances in suspension. 
It will be observed that the bottom sample No. 9 showed a larger reduction of aeration 
on the one hand, and slightly larger quantities of ammonia and of carbon dioxide on the — 
other hand, than the corresponding surface sample, No. 8, which goes to show that the 
former sample at least was slightly contaminated by organic matters. Having regard 
to what has been stated with reference to the fermentation of the organic substances 
originally present in solution having been completely fermented at the time of collec- 


tion, it is difficult to suggest any explanation for this last observation, except to suppose 





.* See Section 1, p. 59. tT Section 1, p. 44, 


339 


that the slight increase in pollution of the bottom sample was due to suspended organic 
matters rather than to organic matters in solution. Had an increased pollution been 
observed in the surface sample, it would have indicated no doubt the presence of pol- 
luting organic substances in solution, since surface tidal waters are usually found to be 
more polluted by matters in solution than bottom tidal waters, but it was not. 


In concluding this reference to the results given in Table 5, it may be pointed out 
that they support the conclusion which was drawn from the analyses of Dr. Wilson— 
that comparative low state of the aeration of the waters of the Aire and Don at their junc- 
tion with the Ouse, during spring tides, is due rather to suspended solid matters in a state 
of putrefaction than to organic matters in solution. 


Tue DiscHarce or CrupE SEWAGE FROM HULL AND FROM GREAT GRIMSBY. 


_ Hull is situated on the left bank of the Humber about 22 miles above its mouth. 
The population of Hull is 253,000 (1901); and the volume of sewage daily discharged 
in dry weather was in 1904, 12,000,000 gallons. : 


‘The sewage is diluted with a considerable quantity of condensing water from works 
on the River Hull. Trade effluents are negligible ; few tenements or small honses which 
were built pridr to 1903 have w.c’s. 


The whole of the sewage is discharged into the Humber in the crude condition at all 
states ‘of the tide. The outfalls are two in number. They discharge from the face of the 
river walls, 9°5 and 10 feet below the Ordnance Datum, which is 10°1 feet above low water 
and 12°37 below high water, of ordinary spring tides. The tidal currents are rapid, 
Pecets up to 7 miles per hour, and thea are at right angles in direction to that of the 
outialls. - 


The authors collected a sample of surface water in the path of the sewage, and about 
150 yards below the West District outfall, from which two-thirds of the Hull sewage is 
discharged. 


The water was very dirty, and the path of the sewage plainly discernible from the 
large number of gulls which were "flying over it and from the floating excrements which 
were plainly visible. 

The aeration of this sample was equal to 2°88 cc. oxygen per litre, and the salinity. 
to 1,340 parts sodium chloride per 100,000. 


The bed along the path of the sewage was brown on the surface but black underneath. 
The banks of the river in the neighbourhood of Hull were brown and muddy, but. they 
did not seem to be seriously polluted. 


Bvacmpiphss in small amount was noticed on the jetty at Hull, and also some brown 
seaweed, otherwise very little seaweed was observed by the authors along the Humber. 


It did not appear to the authors that the sewage from Hull was causing any serious 
or permanent pollution anywhere beyond the immediate neighbourhood of the outfalls, 
and this was not surprising considering the immense volume of the tidal waters passing 
up and down thé river—the minimum width of the river is 14 miles abreast of Hull— 
and the velocity and directions of the tidal currents which are at right angles to that of 
the outfalls. But it did appear to them that the outfalls should be extended so as to 
discharge the sewage into deep water at all states of the tide, and at some distarice from 
the foreshore of Hull. It was evident to them that the positions of these outialls along 
the face of the river wall was in opposition to ordinary sanitary precautions. 


Great Grimsby is situated on the right bank of the Humber at its broadest part, and 
about 6 miles above its mouth. The population was 63,119 in 1901, and the sewage 
probably exceeds 1,250,000 gallons dry _ weather flow per day. There are two outfall 
sewers, the main one discharging about nine-tenths of the sewage, and a small one ; there 
is also a third one from the adjacent township of Cleethorpes. The sewage is discharged 
from all outfalls in the crude condition at all states of the tide. 4 
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The current is quick during the outgoing tides and sluggish or stationary on the 
incoming. | | 

The outfalls are situated about low-water level of neap tides, or about 4°75 feet below 
the Ordnance Datum. Low spring tide is 4°25 feet below the outfalls, and high spring 


tide is 15°75 feet above outfall. 


It is stated by Dr. Newby* that the main outfall is “in hot weather undoubtedly a 
nuisance, and the backing up of the sewage on the foreshore is a danger to which the 
attention of the authority has been frequently drawn.” 


Mr. H. G. Whyatt states that as in the case of the Liffey, the ebb waters from the 
lower portion of the Humber are not brought back by the flood tide. He further states 
that during the rise of the tide, a period of rather more than six hours, the discharge sewage 
is backed up, and for a portion of the time is spread or held in suspension over nearly 
the whole of the foreshore of the town. After the tide recedes, the foreshore is sometimes 
covered with about 4 inch of ooze, or slimy mud, and occasionally the deposit is even 
thicker, but this is more probably caused by the action of the wind, the waves and the tide 
upon the clay held in suspension in the water which comes down from the Trent and the 
Ouse, since at other times, varying with the strength of the wind and the height of the tide, 
the shore is quite clean, and covered only with hard sand. A quantity of foul slime, 
however, is always deposited at the mouth of the outfall and within a few*feet thereof, 
but the radius of the foul area is very small. 


It is thus evident that owing to the strength of the tidal currents and to the enormous 
dilution of them by tidal waters, that the sewage matters are quickly disposed of, and 
probably do not cause any nuisance beyond that referred to by Dr. Newby and Mr, 
Whyatt. The remedy against the nuisance complained of would, no doubt, be a more 
favourable site for the outialls, or to restrict the discharge of sewage from the present 
ones to the first four or five hours of the ebb tide. 


GENERAL CONCLUSIONS. 


(1) The waters of the Ouse immediately above Goole are de-aerated by polluting 
matters brought down by the waters of its tributaries, the Aire and Don, to such an extent 
that they are incapable of supporting fish life except during neap tides under dry weather 
conditions. | 


(2) The de-aeration of the waters of this portion of the river Ouse is greater during 
the ebb and flood of spring tides than during those of neap tides. This anomalous condition 
appears to be due to the presence in decided quantities of polluting solids in suspension 
in these waters, the result of the stirring effect on the bed of the river of the powerful tidal 
currents which obtain during the former tidal seasons. They appear to be present in 
very small quantities during neap tides, when the tidal currents are much less powerful. 


(3) During freshets after dry weather, solid matters in a putrefying condition are 
brought down by the rivers Aire and Don, and they poison both the bed and waters of the 
Ouse and render them unfit for the support of fish life. ) 


(4) The waters of the rivers Aire and Don do not generally appear to be seriously 
polluted with unfermented organic matters in solution, at their junctions with the Ouse in 
dry weather. There is evidence, however, to show that they are at times. 


_ (5) Notwithstanding the enormous pollution of the upper waters of the tributaries 
Aire and Don by discharge into them of sewage, trade wastes, and ochre water from mines, 
the waters of the Humber from the point of junction of the Trent with it are only slightly 
de-aerated, and there is eyidence to show that the bed of the Humber is also free from 
serious pollution. There 1s no reason to regard either the waters or the bed of the Humber 





* See Appendix, p. 489. 
+ “ Proceedings of the Institution of Civil Engineers,” Vol. 147, Part I., 1902, p. 85. 
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as either dangerous to public health or dangerous to fish lite, except, possibly, in the 
immediate vicinity of the outfalls from Hull and from Great Grimsby. 


(6) The positions of the outfalls of Hull and of Great Grimsby afford practical illustra- 
tions of the dangers of discharging crude sewage too close in shore, even when the tidal 
currents are rapid and favourable in direction for its rapid dispersion, and when the volume 
of tidal water is enormous compared with that of the sewage discharged into them. 


(7) As in the case of the Liffey Estuary, clean sea water flows into the Humber with 
every flood tide, but owing to the great distance the tide travels up the Humber and its 
tributaries, nearly 70 miles, the river waters must obviously be carried several times 
up and down with the tide before they escape into the open sea. 


9 W. E. ADENEY. 
Royal University, Dublin. 
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SECTION 75. F. G. & H. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED. 


MANCHESTER SHIP CANAL, AND THE RIVERS EDEN (CARLISLE), 
TAMAR, PLYM, AND THAMES. 
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MANCHESTER SHIP CANAL. 


The waters of this canal afford another instructive study of pollution. The 
total length of the canal is 354 miles. From Manchester to Latchford Locks, a 
distance of 143 miles, the canal is fed by the waters of the rivers Mersey and Irwell ; 
this portion of the canal also receives the effluent waters from the sewage purification 
works of Salford and of Manchester. 


Below Latchford Locks to the entrance at EKastham, about 6 miles from Liverpool, 
the waters. are affected by tidal waters. The length of this portion of the canal is 
about 21 miles. The entrance locks at Eastham maintain the water level in the canal 
nearly to mean high water level, 14 feet 2 inches above the Liverpool Ordnance 
Datum. 


When the tides rise above this height the lock gates are open, and the tide flows 
up to Latchford, giving an additional depth of 7 feet at high spring tides. This water 
is returned to the Mersey through large sluices at Randles Creek and at the junction 
of the river Weaver with the canal. 


The minimum depth of the canal throughout its length is. 26 feet. The 
minimum width at bottom is 120 feet. At the locks and at other parts the width 
is however considerably increased. 


The total rise to the level of the docks at Manchester from the ordinary level of 
the water in the tidal portion of the canal below Latchford is 60% feet. It is obtained 
by an average rise of about 15 feet at each of the sets of locks at Latchford, Irlam 
(74 miles nearer Manchester), Barton (2 miles above Irlam), and Mode Wheel (33 miles 
above Barton Locks).* . 


Condition of the Waters of the Manchester Ship Canal. 


Although very satisfactory results have attended the efforts of the Mersey and 
Irwell Joint Committee towards the prevention of the pollution of the rivers and 
streams in the Mersey and Irwell watershed, much still remains to be done, and the 
waters which flow into the canal are still heavily polluted and wholly unfit for the. 
support of fish life. 


An appreciation of the nature and extent of the pollution to which these rivers: 
are liable and of the efforts which have been made to prevent or mitigate pollution, 
may be gathered from the following particulars as to population and number of 
manufactories on each of the main rivers and their tributaries and as to the sewage 
purification works in operation :— 














Number of 
ae Manufactories. Population.- 
Rivers Irwell and Roach - . : - : 286 1,105,094 
River Irk = = - . J ; 4 ‘ : | 45 324,206 
River Medlock é : 3 a a : : 5 15 283,407 
River Mersey -~ - - - - : : > - 98 789,396 
Total - - : - - : 444 2,502,193 





Practically all the local authorities have sewage works in more or less efficient 
operation, and particulars as to the methods of treatment adopted by each authority 
will be found in the Aypendix to this Section.t The information in it has been 
brought up to date May, 1904. 








* These particulars have been taken from the description of the canal by the consulting engineer te 
the Manchester Ship Canal, Sir E. Leader Williams ; “ Encyclopedia Britannica,” Vol. 26, p. 542. 
_ + The particulars in this Appendix and all the information given m this Section as regards the condi- 
tion of the Mersey and Irwell haye been most courteously supplied to the authors by Mr. R. A. Tatton, 
M.Inst.C.E., chief inspector to the Mersey and Irwell Joint Committee. 
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The following table by Mr. Tatton gives the number of manufacturers in each 
industry where purification works are necessary. The portion of Derbyshire which 
drains into the river Mersey is included :— 























a Pasa ae ck as D. 
Class of Pollution. | Efficient en a | Works being ce ee Total. 
| Works. | not BRision | Constructed. Adopted. 
ll ee 
Print Works oe ee ee i aaeee 10 | cal a , 48 
Dye Works - - - 7 - 88 | 32 | = ae ~ 1 
Bleach Works -  - > =| 56 | 17 | ae 9 75 
Waste Bleach Works - : - | 5 | 4 sa an 9 
Paper Works - : - “4 19 | i | = ee 260 
Paper Stainers —- - - - | 3 | — 23 = 
‘Tanners and Leather Dressers = 5 | 3 — | i 
Fellmongers - : - - - | 1 | 4 a Ze 5 
Woollen Trades - : : 2} 44 . 15 | 2. | <e 59 
Silk Trades - = = | 2 | on | BS = 9 
Slack Washing - - - -| oe 2 aes = 11 
Soap Works - - : : | 1 4 io wa 
Stone Polishers - : s | 7 2 -# ae 
Chemical Works - - - =| 13 5 _ — 18 
Breweries - - - - 5 3 8 -- 1 hs bs 
Uneasedee ee 20 = pets 33 
Bee pe sone Oe 133 = 5 444 














Under column B are included many works where the surroundings are too limited to allow of efficient 
purification plant being put down. 


The progress made between the years 1893 and 1904 in mitigating the pollution 
by trade wastes is indicated in the succeeding summary :— 

















| Lancashire and | Lancashire and | Lancashire, Cheshire 
= Cheshire, | Cheshire, and Derbyshire, 
October, 1893. | May, 1904. May, 1904. 
Works with efficient purification plant = - - 45 | 278 | 306 
Works with plant constructed, but not efficient 77 126 133 
Works being constructed - - - - ihe ! —- . — 
No treatment adopted = - - - - - 191 5 | 5 
Total - - - - - - | 396 409 444 











In.addition to these a large number of manufactories drain into the sewers, and 
the trade waste from them is dealt with by the local authority. : 


Mr. Tatton states in his report to the Mersey and Irwell Joint Committee for 1904 
that, ‘‘ Although the progress made with the work on the whole has not been unsatisfac- 
tory there is a great deal yet to be done and some of the rivers, especially the Irk and 
the Roach, are still in a highly polluted condition. Many of the sewage works are 
far from efficient, as shown by column 16 in the Appendix. Column 16 gives the 
percentages of samples taken which come within the limit of impurity, and gives an 
approximate idea of the efficiency of each works.” 


A large number of analyses by Mr. Scudder of sewage effluents from the sanitary 
authorities in the Mersey and Irwell watershed has already been recorded in Tables 32 
and 33, pp. 79-84, Section 1. 


Mr. Tatton further states in the same report that, ‘The most serious pollution at 
‘he present time is from storm water, as anyone who will inspect one of our rivers after 
a thunderstorm, following a period of drought, can verify. Accumulations of solid 
matter take place in the sewers during dry weather; these are scoured out by the first 
flush of heavy rain and passed to a great extent, by means of storm overflows, into the 
rivers and thence into the settling tanks formed by the Ship Canal and docks.” 
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The authors of this report made an inspection of the waters of the canal on August 
6th, 1904, with the kind assistance of Mr. Hunter, the chief engineer to the Ship 
Canal, who courteously placed a steam Iaunch at their disposal, and with that of Dr. 
Gilbert J. Fowler, who accompanied them and afforded them valuable information as to 
the topography of the canal and of the adjacent estuary of the Mersey and as to the 
condition of its waters. He also most kindly made some analyses for them. 


The authors commenced their inspection at Throstle Nest Dock, immediately 
above Trafford Bridge, Manchester. 


The waters of the canal at this point were inky black in colour and emitted an 
odour of sulphuretted hydrogen, although the authors were informed by Mr. Hunter 
that they were in a better condition than usual owing to heavy rains which had fallen 
during the previous few days. It need scarcely be stated that they contained no 
dissolved oxygen and that fish life was quite impossible in them. 


The canal waters remained unchanged in appearance down to Latchford Locks, 
and no further tests were made. 

As already stated, tidal waters affect the canal below Latchford Locks, and their 
influence quickly became apparent. The black colour rapidly disappeared and the 
waters assumed a brown, muddy appearance. At the same time they rapidly became 
aerated, as will be seen from the following analyses of samples of the water which were 
collected at the time :— 

High water 6.27 am. at Liverpool. Very strong wind blowing up canal. 
Dissolved oxygen expressed in cc., at N.T.P., per litre, other constituents in parts per 


100,000. 



































a | Nitrogen as 
+ vin! «| nahi a ——| o, | Qos! 
ELSE NH 
Manchester Canal. 
Throstle Nest Docks -| 10.30am. | 19:2 — oe ol ines ieee | 0-0 
One mile below Latehford 3.0 p.m. 19-2 0:86 0°60; | 0062 | 612 | 207 
Abreast Randles sluices- | 4.45, 19-2 0-60 047 | 0038 | 1,010 | 2:50 
Abreast Weaver slaices- 6.0, 19-2 0-50 0-43 0.02 | 980 | 5-25 
| | | | 


Note.—The determinations of “oxygen absorbed” and free and albuminoid ammonia were — kindly 
made by Dr. Fowler. 


It will be seen from the above chlorine determinations that the river waters of the 
canal become mixed with a considerable proportion of sea water about a mile below 
Latchford, and that at Randles sluices the river and sea waters are mixed together in 
about equal proportions. The aeration of the waters at the same time rises to 2:07 
and 2°50 ce. oxygen per litre at these points respectively. ‘ 


At the Weaver sluices the proportion of sea water was apparently not quite so 
large, but the aeration of the waters had increased to 5°25 cc. oxygen per litre. This 
rapid increase in aeration was no doubt due to the very high wind which was blowing 
up the canal at the time. 


A more complete examination by the aeration method of a sample of the non-tidal 
waters of the canal, collected just below Irlam Bridge in October, 1905, will be found 
recorded and discussed in Section 1, Table 35 and pp. 86-88. The results show that 
the water would have to be diluted with a little more than three times its volume of fully 
aerated sea waterat 18°C. to produce a mixture on the large scale in which the rate 
of absorption of dissolved oxygen from all causes, under calm weather conditions, would 
not exceed the maximum allowable rate suggested for third class tidal waters, viz., 
5°30 cc. oxygen per litre in 48 hours.* 


When allowance is made for the high wind which prevailed at the time the above 
samples were collected and for the fact that the samples collected at the Randles 
sluices and at the Weaver sluices consisted of equal mixtures of sea and polluted non- 
tidal waters, it may be taken that the estimated dilution of the polluted canal waters 
with three times its volume of sea water would be found correct for large volumes of 
water under calm weather conditions. 


* See Section 1., p.~68. 
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(Being a revision to date (May, 1904) of the Appendix 3 in Volume 3, Interim Report, Royal Commi: 





MERSEY A 





PARTICULARS AS TO THE METHODS OF StwaGeE TREATMENT ADOPTED BY THE LOCAL AUTHORITIES IN THE MEI 


Name of 
Authority. 


CouNTY 


BorouGHs — 


Bolton (Astley 
Bridge Out- 
fall Works) - 


Bolton(Hacken | 
and Rhodes | | 


farm) - 


Bury - 


Manchester - 


Oldham 


(ob. @ 


Note.—The samples have been taken over a period of two years, 1909 





| 








(Dole hedge 
Depth an 
Number of Character 
Filters and ee 
‘Yotal Area Filtering 
: Material 


, portions 


districts). 





58,028 
mately 


gallons. 
47,500. 


578,438 |3,532,321 574,800 


About 
(includes. | (includes 25,700,000 
portions of gallons ayer- 
various age daily dry, 
outside weather flow. 
_ districts). | 


of 
various 
outside 


139,497 472,219 Practically 4,500,000 


| | i all. gallons. 





261,876 | Approxi- | 1,750,000 10 circular 
. Total | 


tanks. 
capacity 
600,000 gal- 
lons. 


6 open septic 


tanks, each 
300ft. by 
100 ft. by 7 ft. 
(average 
depth). Total 
capacity 
7,800,000 gal- 
lons. 5 pre- 
cipitation 
tanks. Total 
capacity 
6,200,000 gal- 
lons. 


| 12 tanks. Total 


capacity 
2,073,600 gal- 
lons and 2 
Detritus 
tanks. 





| (3) (4) (5) (6) 
/ : | 
| Population _LStimated Number of | 
Popula- | Rateable fee q Quantity of | Precipitation — Precipitant . 
tion. | Value. || is | Sewage in Tanks and | used. 
P. 24 hours.* , Total Capacity. | 
| | 
| | 
Aig | 
| | /; 8,000 — Dry weather 3 tanks. Total | Lime copperas 
| | flow, 160,000, capacity. and alumino 
| gallons per | 180,000 gal- | ferric. 
| : | day. | lons. 
nee 70,2875 | | ie 
| | — 160,000 5,000,000 3settlingtanks.| Ferrozone 
| | gallons. Total. capa-| * 
city 2,884,613 
gallons. 


Alumino ferric 


and ferrozone. 


Milk of lime 
and solution 
of 
for a portion 
of the flow. 


None 


copperas | 





| 








| 3 filters. Total (1) 5 ft. to € 

| area 364) cinders» | 
square yards, | gravel ; 

439 gallons 3ft.  cinc 

per square, and_ gray 

yard. (3) 1 ft. 6 
cinders. 

None None 


15 filters. Total | 3ft. coke | 


area 9,060 
square yards, 


193° gallons 


per square 
yard, 


51 contact beds. 
Total area 254 


acres. 29 
storm beds. 


Total area 27 


acres. 


32 filters. Total 
area 48,400 
square yards, 
92 gallons per 
square yard. 








clinkers. 


Contact be 


Sit. oa 
screened ¢ 
kers; st 
beds, 2 ft. ¢ 
unscreer 
clinkers. 


Average de 


Sit. 
posed of ¢ 
fully scree 
engine asl 
so that 
dust or « 
or rubbish 
any kind 
be put i 
the beds, : 
of scree 
clinker f 
Destruct 





* For character of trade waste in Sewage, see Appendix 3, Col 







(9) 


thod of 

o Filters 
‘her Inter- 
itent or 
tinuous). 





$$. 


rmittent 


rmittent. 
act beds, 


rmittent. 
h excessive 
vs. Storm 
is used as 
aming fil- 
$. 


rmittently. | 


e beds are 
ed, allowed 
stand full 
- a certain 
riod, emp- 
d, and then 
owed to re- 
in empty 
‘some time 
fore being 
ed again. 








(10) 


Area of Land 

used for Filtra- 

tion or Irriga- 
tion. 


None 


130 acres laid | 


out in filtra- 
tion plots, 
Subsoil land, 
loam, sand 
and gravel, 


and land 
drained 6 ft. 
deep. 


No land used. 
Total area 
454 acres. 


None 


None 
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nit of impurity is one grain per gallon of oxygen absorbed in four hours. 


(14) 











(11) (12) (13) 
| Number) Number 
Rate of Filtra- Sludge:;” | of OF 
tion in Gallons | How disposed | Samples | Samples g 
per Acre. | of. Above | Below ° 
Limit, | Limit, | 
— | Carted away by 3 Be 
farmers and | 
| others and | | 
used as ma- 
nure, | 
38,461 Mechanically 13 4 
pressed and 
disposed of 
tofarmers. * | 
1,000 tons 
annually. 
= Pressed, farm- 5 6 
ers cart away | 
at present | 
time. | | 
| 
Contact beds Sludgetaken, 38 | a 
500,000, | outtosea. | | 
Storm beds | | 
350,000. 
| | 
—— Pressed, farm- Foon 8 








ers in the 
neighbour- 
hood take it 
when it is 
pressed ; re- | 
mainder used 
for filling up 
a large valley 
at the works. 











3, Interim Report, Royal Commission on Sewage Disposal. 


(15) 


Total 
amples. 


Ki 


11 


45 


age Disposal, and supplied by the chief inspector, Mr. R. A. Tatton, M.Inst.C.E.). 





WELL WATERSHED, DERIVED FROM INFORMATION SUPPLIED BY THE AUTHORITIES TO THE JOINT COMMITTEE. 











- (16) (17) 
| Percen- 
tage of 
Samples | Remarks. 
Below 
| Limit. 
| 
63 CS 
24 
55 8 tanks. Total capacity 
600,000 gallons, and 4 
acres bacteria beds are 
in course of construc- 
tion. 
| 
eae ks 3 open septic tanks and 
| 201 acres of contact 
beds in course of con- 
struction. 2974 acres 
of land at Carrington 
- and Flixton and on the 
bank of the Ship Canal 
purchased for exten- 
sion, purposes. At 
present about 65 per 
cent. of the total flow 
is being filtered. 
Fede The filtration area is 
being increased, and a 
scheme for dealing with 
the storm water is 
being prepared. 
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(1) (2) (3) (4) (5) 
Name of | Estimated Number of 
Authority. Popula- | Rateable ie sai) Quantity of | Precipitation 
tion. | Value. Sewage in Tanks and 
te 24 hours. | Total Capacity. 
County Boroughs | 
—continued. | 
Rochdale (Cas- | \ (, 6,000 300,000 3 precipitation 
tleton Moor | gallons. tanks. Total 
Works) - - | | capacity 
| 112,500 gal- 
lonse 
/ 83,114 1379,162‘ 
| | 
Rochdale Approxi- | 2,000,000 |8 tanks for 
(Roch and mately | gallonsdry | Roch out- 
Sudden Out- || 65,000.. | weather flow | fall, capacity 
fall Works) - \ at present. 1,410,000 gal- 
lons; and 3 
| tanks for Sud. 
den outfall, 
capacit 
300,000 gal- 
lons. Total 
‘capacity 
| 1,710,000 gal- 
| lons. 
Salford - - - | 228,903 | 970,895 | 218244 Dry weather 10 tanks, aver- 
Ksti- flow age110ft.long 
mated. 8,000,000 by 77 ft. wide 
gallons. Total capac- | 
ity, 4,750,000 
gallons. 

Stockport (in-| 95,709 | 385,864 | — 2,750,000 | 8tanks. Total 
cluding Red- gallons. capacity 
dish) - - | 1,000,000 gal- 

lons. 
Non-County | 
BoroucHs—- 

Ashton -under-| 52,373 | 204,917 52,000 About 7 tanks. Total 
Lyne (includ- 1,500,000 capacity 
ing _ Hurst gallons. 1,858,493 gal- 
U.D.C. and lons. 

a small por- 
tion of Lime- 
hurst R.D.C.) 
{ 
i 
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Particulars as to the Methods of Sewage Treatment adopted by the Local Authorities in the 





(6) 


Precipitant 
used. 


(7) 


Number of 
Filters and 
Total Area. 





* 


Alumino ferric 


Alumino ferric 


Lime and 
copperas. 


Lime and iron 


sulphate, 
a 1 Um an Oo 
ferric at 
night. 


Alumino ferric 


and ferrozone. 





5 filters. Total 
area 480 
square yards. 


2 percolating 
filters. Total 
area 400 


square yards. 
Also 5% acres 
of bacteria 
contact beds 
are now 
nearly com- 
pleted (43 
acres in use). 


5} acres of fil- 
ter beds have 
been in use 
since 1902. 


l acre of filter 
beds in use. 
5 acres in 
course of con- 
struction. 


28 filter beds 
2:40 acres 








first contact ; 
28 filters 2°40 


4 filters, ¢ 


(8) 


Depth an 
Character 
F iltering 
Materia 























posed of ¢ 
and clink 
3ft. de 
from 2} in 
sin. 
level fil 
composed 
gravel 7 
and clink 
1 ft. 11 inf 


9 ft. deep, ¢ 
posed of | 
coke wh 
has had- 
pieces sma. 
than ldin, 
moved. C 
tact'\beds, 2 
9in. d@ 
(average 
filled 
graded 
kers. 

5ft. “and 8 
deep crus 
clinke1 
Average ; 
diam. 


e | 


3 ft. 3 im 
deep screer 
clinkers. . 


In first 
tact be 
about 3f 
10 in. co 





acres second 
contact; 9 
storm filters 
1b4-Taetal 
area, 674 
acres. 





posed of 12 
on bottom 
burnt cind 
ballast, 2 
5in. of cine 
‘media pass 
by 2in. a 
rejected 
}in., and fi 
top 6H 
passed by di 
and rejects 
by din. T 
storm  filt 
ing media 
of the sat 
-Inaterials, 
centre lay 
being onl 
lft. 6in. dee 






















(9) 


thod of 
Filters 
‘her Inter- 
stent or 
tinuous). 


rmittent 


» 
tinuous 
ugh re- 
‘ing arms. 
tact beds 
rmittent. 


erally 2 
rs’ run and 
ours’ rest 
ring 24 
rs. 


rmittent 


srmittent 





W ATERSHED—-continued. 





vell Watershed, derived from Information supplied by the Authorities to the Joint Committee—continued. 





























(10) (11) (12) nati3s (14) (15) (16) (17) 
Number | Number Percen- | 
Area of Land | pate of Filtra. Sludge: of oft aris tage of 
used for be ias : Total | 4 
; : tion in Gallons How disposed Samples | Samples Samples Remarks. 
Filtration or Samples. 
een per Acre. of. Above | Below Below 
uae Limit. | Limit. Limit. 

2 acres = Air-dried on | 6 3 9 BBs) Additions and exten- 
sludge filter sions to these works 
beds. are about to be com- 

menced. 
60 acres — Pressed, and £7 5 22 23 
cake taken by 
farmers. 
None On the filter | Sludge taken 20 20 40 50 The roughing filters 

beds from|_ out to sea. forming part of this 
1,000,000 to system are not yet 
3,000,000. completely fitted up. 

44 acres — Part: pressed| 1 8 9 89 
and part 
pumped into 
lagoons. 

About 14 acres — Pressed 








Particulars as to the Methods of Sewage Treatment adopted by the Local Authorities in the 
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| 






















































MeErs 


(1) (2) (3) (4) (9) (6) (7) (8) 
Name of : Estimated Number of Depth a 
Authority. Popula- | Rateable | apie Quantity of | Precipitation Precipitant aur gee Charnctl 
tion. Value. | ay Sewage in Tanks and used, Sha Maen, Filterir 
iy 24 hours. | ‘Total Capacity. ; ; Sica 
Non-County | : 
Boroughs—cont. | 
Kecles - - -| 34,369 | 138,750 | Approxi- 1,250,000 |2 detritus None —- — : 
mately | gallons dry | tanks, 2 sett- . 
34,000. | weather flow.| ling tanks. | 
| Total — capa- 
city 650,000 
| gallons. ; 
Glossop- - -| Esti- 78,000 21,000 | About 6 circular tanks. | Alumino ferric | 4 roughing fil- | 2 ft. 9 in. y 
| mated | 500,090 Total capacity ters, area 240 | ite sand, 
to deal gallons dry | 118,000 gallons. square yards ; 
with weather flow | — 10 fine filters, 
' 30,000. area - 1,000 
square yards ; 
| and .373 
equare yards 
of ash filters. 
Total area 
1,613 square 
yards. 309 
gallons per 
square yard. 

Haslingden, | 72,101 | 284,089 | 68,000 1,575,000 |4 tanks. Total None 16 filters. |3ft.deepel 
Rawtenstall gallons. capacity Total area! cinders. 
and Bacup 1,825,000. 2,400 square| ther 1 
Outtiall yards. square ) 
Sewerage in cours 
Board. construct 

Heywood - -| 25,461 | 105,678 23,500 800,000 6 tanks. Total | Alumino ferric }12  filters.;4ft. eng 

gallons dry capacity Total area| ashes 
'weather flow. | 710,000 gallons. 1,325 square| coke. 
| yards. 
Hyde - - -| 32,766 |106,000 | About About 8 tanks. Total | Lime and _pro- 15 filters. | Total dept 
32,000. 1,250,000 capacity tochloride of | Total area] of gas co 
| gallons. 2,000,060 iron during} 5,190 square 
gallons. the day, alu-| yards (when 
| mino ferric at| complete). 
| night. 240 gallons 
per square 
yard. 

Leigh and) 60,300 | 239,590 About About 8 tanks. Total | Lime and sul- | 6 filters. Total | 3 ft. 3 in. 1 
Atherton] (Ksti- 61,200 1,500,000 capacity phate of iron. | area 1,760] clinker 
Joint Sewer- | mated). (including — gallons dry 1,500,000 square yards.| cinders. 
age Board. part of | weather flow. gallons. ; 

Abram). | 
Macclesfield 34,624 | 106,996 | 27,400 608,888 5 tanks. Total | Alumino ferric |} 2 roughing | 3ft.to3 ft 
gallons. capacity filters. Total| of coke. 
450,910 gallons. ares -— Lik 
a square yards. 
Middleton - -| 25,178 | 81,422 | 93,990 1,000,000 |3 tanks. Total| Ferrozone |6 filters, 600|3 ft. po 
gallons. capacity square yards.| gravel 
120,000 gallons. sand, 
2 bacteria beds, | 3 ft. clean 
ss 2,470 square| mill cind 











yards. 


1 WATERSHED—continued. 


vell Watershed, derived from Information supplied by the Authorities to the Joint Committee—continued. 
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(10) 


Area of Land 


used for 


Filtration or 


Irrigation. 


61 acres 


30 acres 


5 acres 


None used 


* 112 acres 


50 acres 








(11) 


Rate of Filtra- 
tion in Gallons 


per Acre. 


20,491 







































































(12) (3) >| @4) | qs) | G6) (17) 
Number | Number ie 
Sludge: of of tage oO 
How disposed Samples | Samples gene Samples Remarks. 
of, Above | Below |"°™P'°:| Below 
Limit. | Limit. Limit. 
Dried in open 2 7 9 78 

lagoons and 

disposed of on 

the land. 

Run into sludge 0 9 9 100 124 acres of land have 

lagoons. been purchased but are 

not used for filtration. 
Pressed 6 6 12 50 

Pressed and 5 10 15 67 Additional works pro- 
taken by ceeding. Heap Bridge 
farmers. outfall works nearing 

completion. 

By pressing, 9 0 9 0 Additional works nearly 

and afterwards complete. 
taken by 
farmers. 
By pressing, 3 5 8 63 * Including about 27 
and afterwards acres of land laid out 
taken by for treatment of storm 
farmers. water. 

Pressed and 8 ri 15 47 A scheme for additional 

dealt with on filtration works is in 

land. hand. 

Pressed and 2 6 8 15 Two bacteria beds having 
taken by a total area of 1} acres 
farmers. are constructed, and 

are being fitted with 
3ft. of mill cinders and 
under drains. Ap)/li- 
cation is being made 
to Local Government 
Board for borrowing 
powers to cover the 
cost of constructing 
long lengths of sewers 
to connect some of the 
outlying hamlets to 
the sewerage system. 
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(1) (2) (3) (4) (5) (6) (7) (8) 
Name of : Estimated Number of Depth a 
Authority. Popula- | Rateable oe Quantity of | Precipitation Precipitant aie ne 4 Characte 
tion. | Value. | VORPEC™| Sewage in Tanks and used. Total aoe Filterir 
oe 24 hours. | Total Capacity. ress it Materi: 
Non-County 
Boroughs—cont. 
Mossley - -| 13,452 | 62,000 13,000 350,000 6 tanks. Total None 11 filters. First | 3 ft. first 
to 13,452 gallons. capacity contact area | tact c¢ 
504,600 gallons. 838 square] limest 
yards, 417] pebbles, 
gallons per]/ second 
| square yard.| tact 4 ft. 
Second con-| ashes, | 
tact 600] stone, 
square yards.| sand. 
Stalybridge | 46,603 | 175,369 About 1,500,000 22 tanks. None 9 filters. Total|Day  f 
and Dukin- 52,500. | gallons dry | Total capacity area 13,666| through — 
field Joint weather flow.| 1,200,000 square yards.| 3 ft. dee 
Sewerage) gallons. coke ¢ 
Board. | natural | 
and soil. 
Audenshaw 6,939 | 39,904 
Urban  Dis- 
trict Council | 
(portion of | 
Distri cm 
treated). 
UrBan District 
COUNCILS — 
Abram - -.-| 6,306 | 38,494 5,920 65,000 6 tanks. Total None 18 filters, and | 2 ft. 8 in. 
| gallons. capacity storm water| 3ft. 9in. d 
42,000 gallons. roughing fil | composed 
, ters. Total] gradeden 
area 2,720] ashes. 
square yards. 
| | 
| 
Alderley Edge 2,856 | 22,460 2,900 225,000 3 detritus tanks — 3 filters, 700 ae 
/ (includes | gallons dry | 13,500 gallons. square yards. | 3 ft. 3 in. de 
few outside| weather, 
population)| 500,000 
gallons wet 
weather. 
if f 
Altrincham -| 16,831| 87,329 | 18,000 | 00,000 | Catch pit and None 
| (includes | gallons dry | 2 sets of sett- 
some weather flow| ling tanks. 
outside Total capacity 
population) 500,000  gal- 
lons. 














iL. WATERSHED—continued. 


-well Watershed, derived from Information supplied by the Authorities to 


(9) 


ethod of 
1g Filters 
ther Inter- 
ittent or 
tinuous). 


h filter 
rks 8 hours 
1 rests 16 
irs per 24 
irs. 


ermittent 


ermittent. 
ters cap- 
le of hold- 
y 3 days’ 
uid sew- 
e, but are 
rked in sec- 
ns, thus 
‘ing con- 
erable rest 
the beds. 
out one- 
lf of the 
ds are in 
eB at one 
ne in 8 to 
hours shifts 
1e@ «sewage 
filtered 3 
nes over. 


bermittent 
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(10) 


Area of Land 


used for 


Filtration or 


Irrigation. 


None at present 


20 acres 


About 5 acres 


64 acres 


69 acres 
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(17) 


























(11) (12) (ay | (4 | (3) | (6) 
Number | Number Percen- 
Rate of Filtra- Sludge : of of ae r = ' 
tion in Gallons | How disposed | Samples | Samples amrles emarks. 
per Acre. of. bove | Below parniples. Below 
Limit. | Limit. Limit. 
— Pumped into 2 1 3 33 
lagoons. 
— Pressed and 0 4 4 100 
taken by 
farmers. 
— Used on the 0 7 7 160 
land. 

34,500 Sold by  con- 2 9 ti 82 | A scheme for additional 
tract to neigh- works is in hand. 
bouring — far- 
mers for a 
small sum. 

11,594 Used upon land 2 5 ( 71 | Total area of land 150 


not irrigated. 





acres. 
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Particulars as to the Methods of Sewage Treatment adopted by the Local Authorities in the Mersey « 2 




































































es (2) (3) (4) (5) (6) (7) (8) 
Name of : Estimated Number of oe Depth ane | 
Authority. Popula- | Rateable ae bei Quantity of | Precipitation Precipitant ae ee Character ¢ 
tion. | Value. Sewage in Tanks and used. Tee Filtering | 
| MP: 24 hours. | Total Capacity. wari ak Material. 
Urban District | : 
Councils—cont. 7 a 

Ashton-in- 800 | 113,292 800 | Dry weather | 2 tanks. Total | Alumino ferric 3 filters, total | 2 filters, t 

Makerfield. | (Within | (U.D.C. flow, 8,000 capacity area 35 square} depth abo 
Water- | District.) gallons. 10,000 gallons. yards. 3 ft., made u 
shed.) | as follows 
| 12 in: sa 
12 m. sa 
| and__ polar 
equal yar 
5in. sanda 
4in. gr 
| | 3 in. stone a 
agricultur 
| tiles; 1 ba 
teria bed. 
Ashton-on-| 5,563 | 33,624 5,100 165,000 2 tanks. Total None wate Ee 
Mersey. gallons. capacity 
7,000 gallons. 
| | 3 

Astull - - -| 8,387 | 23,951 — Have no sewlage works. Sewlage sent to Wigijan, — 

Aucenshaw -/ 7,216 | 41,611 | Part of the sewage dealt with by the Man|chester Corporajtion and part by| the Staly brid; 

Blackrod - | 750 876 750 | 7,500 gallons None. == one is 

|(Within | Water- 
| shed.) 

Bollington- -| 5,244 | 15,192 | Scheme belfore Local Golvernment Board. 

Bowdon - -| 2,788 | 28,747 | 2,500 138,250 3 tanks. Total None — — 

| | gallons. — capacity 
34,537 gallons. 

Bredbury and |, 3,607 | | Works de- 80,000 5 open septic None 18 filters. Total | 9 coarse end 
oat F . signed to | gallons dry tanks. Total area 3,012| fine  filte 
(Bredbury). | | || treat sew-| weather flow.| capacity square yards. | filled wit 

IS 39,747 | age froma 120,000 grt. 3 clinker 41 
|| || population lons. deep. 
| | of 4,000. ‘ ; | 

Bredbury and |} 3,500 | 3,205 64,100 6 detritus tanks, None 10 filters. To-| 6 coarse ad 
Romiicy gallons dry | worked as talareal,740/ fine filter 
(Romily), weather flow.| open septic square yards. | filled wit 

| tanks. Total clinker 41 
| capacity deep: 7 
| 11,550 gal- 
lons. 

Chadderton - | 26,000 | 98,491 About 800,000 | 6 tanks. Total | Alumino ferric | 12 filters. Total| 4 ft. engi 

Esti- 18,000. gallons. capacity area 1,351/ ashes 
| mated. 730,000 gal- square yards. | clinker. 
lons. 

Cheadle and | 8,222 61,119 | About About 6 tanks. Total) Alumino ferric | Total area 320| Sand, giave 

Gatley. / 7,115. 222,300 capacity \ square yards| and pclarite 
gallons, 222,000 gal- (about half 
lons. the sewage is 
dealt with in 
the filters). 
Compstall -  - 875 | 4,714 — — No scheme 















RSHED-—continued. 
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| Watershed, derived from information supplied by the Authorities to the Joint Committee—continued, 











(9) (10) (11) (12) (sy) | a4) | 5) | Ge) (17) 
ethod of Number | Number Percen- 
ing Filters cape a... Rate of Filtra- Sludge : of of Total | tage of 
@eerinter-| | or Irriva- tion in Gallons | How disposed | Samples | Samples Gaile Samples Remarks. 
uittent or ae 8 per Acre. Oba) Above | Below P'es-! Below 
yntinuous). : Limit. | Limit. Limit. 
termittent | About 4 acres — Used on the 0 4 4 100 
land by the 
farmers. 
= About 84 acres 19,410 Dried on land 0 8 8 100 
and given 
away to far- 
mers. 
l Dukinfield Joint Outfall Bojard. 
— 172 acres 422 On land 0 3 3 100 
_ About 7 acres, 193750 To farmers 1 7 8 88 | The settling tanks 
set outin beds merely intercept the 
and planted grosser solids. A 
with willows. scheme for additional 
works is in hand. 
itermittent 2 acres 
uble contact. . 
itermittent 2 acres _ Taken by 0 10 10 100 
uble contact. farmers. 
itermittent 9 acres — Pressed into 0 17 17 100 
cake and 
, given to 
farmers. 
atermittent 184 acres — Air dried and 0 10 10 100 














given to 
farmers. 

Was formerly 
pressed ;_ but 
it has been 
found most 
farmers much 
prefer air- 


dried sludge. 
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(1) (4) (5) (6) (7) (8) 
me of Estimated Number of Depth ane 
Ries Popula- Quantity of | Precipitation Precipitant see Character 
: tion. Sewage in Tanks and used. Ge okies Filtering 
24 hours. | Total Capacity. f Material 
Urban District 
Councils —cont. | 
Crompton \ 37,500 2 circular tanks,| Ferrozone 4 filters. Total| 2 ft. polari 
(Cowlishaw). gallons. each 14 ft. di- area. is3 
ameter, 9 ft. square yards, 
deep. Total 282 ~— gallons 
capacity per square 
| 17,318 — gal- yard. 
113,427 lons. 
Crompt« n 900,000 3 tanks, each | Alumino ferric | 6 filters. Total | 2 ft. 9 in. 
(Newhey). gallons dry | 50ft.by 40ft.| and lime. area 760} larite, 
weather flow,| Total capa- square yards, 
including city 225,000 1,184 gallons 
manufac- gallons. per square 
turers’ refuse yard. io 
water. addition to 
the above, 
there is a sep- 
tic tank and 
2 bacteria 
beds, area 178 
square yards, 
for treatment 
of sand wash- 
ing water. 
Denton- - -!| 15,347 370,000 5 tanks. Total Lime 5 filters. Total | 2 ft. 6 in. 2p 
/ gallons dry | capacity area 1,200] larite an 
weather flow.| 1,190,000 gal- square yards, | sand; 4 ft. 
lons. 308 gallons} in. 1 cinder 
per square} Oft. 3 in 
yard. cinders. 
Droylsden + /| 11,300 750,000 6 tanks. Total Lime 9 filters. Total | 3 ft. 6 in. roug 
gallons. capacity area 864]; and fil 
1,054,080 gal- square yards,| gravel, 
lons. 868 gallons} larite an 
per square] sand. 
yard, 
Failsworth - | 14,152 Between | 2detritustanks,| Lime and cop- | 6 filters. Total | Polarite 
380,000 and) 6upward-flow| peras and| area 960] Tin,,infollo 
500,000 tanks, and 2) ferrozone. square yards, | ing materi 
gallons. precipitation 458 gallons| Tin. san 
tanks. Total per square; 12in. sag 
capacity ‘yard. 1| and polari 
677,000 gal- sprinkler fil-| mixed, 2; 
lons. ter, area 329] sand, 2in. p 
spuare yards.| gravel, 2g 
bean grave 
and  6i1 
broken stone 
sprinkler 9 fi 
coke. | 
Farnworth | 27,000 About 3 tanks, each| Very little/15 filters.|1ft. 3in. sa 
| 600,000 160ft. by 50ft.| chemicals} Total area} and  gravé 
gallons dry | by 9ft.; 2] now used. 4,300 square | 2 ft. 6 in. samt 
weather flow.| tanks, each yards, 140| and polarite 
100ft. by 28ft. gallons per| and 5ft. cir 
by 9ft. Total yard, * der beds. 
capacity 
1,665,000 gal- 
lons. 
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“Watershed, derived from Information supplied by the Authorities to the Joint Committee—continued. 





















































(9) (10) (11) (12) (18) 4) oy 8) (17) 
ethod of Number| Number] ~ Percen- 
ig Filters ae a Rate of Filtra- Sludge : of of Total | ¢28° of 
ther Inter-| |: iin tion in Gallons | How disposed | Samples | Samples Samples Remarks. 
ittent or ee io a per Acre. On Above | Below Samples.) “Below 
ntinuous). hal Limit. | Limit. Limit. 
ermittent None —- Given to 0 8 8 100 Condensing water and 
farmers. manufacturing refuse 
equal to the normal 
flow of sewage is turned 
into the sewers, but 
steps are being taken 
to have the same re- 
moved. Plans for 
extension of the works 
in course of prepara- 
tion. 
ermittent None — On land 6 4s. £1 “10 40 
termittent None a Air dried and 4 % 11 64 
| as contact taken by 
beds. farmers. 
termittent None me Deposited in 7 9 9 9) A large amount of cop- 
fanke uote las peras escapes from the 
goons an d copperas works into 
allowed to the sewers and acts as 
dry. a precipitant . along 
with the lime added. 
larite inter- | About 3 acres — By running in 9 2 11 18 Plans for further works 
entsprinkler sludge lagoons have been submitted 
tinuous. and allowing to the Local Govern- 
it to dry to ment Board. 
enable it to be 
removed on 
to land. 
| 
itermittent None — Carted away 4 5 9 56 
by farmers. 
| 
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(1) (2) (3) (4) (5) (6) (7) (8) 
Name of * Estimated Number of Depth an 
Authority. Popula- | Rateable ries mi a Quantity of | Precipitation Precipitans ee Character 
tion. Value.) “oor Sewage in Tanks and used. mT fe sy Filtering 
uP 24 hours. | Total Capacity. ary cree Material. 

Urban District 

Councils—cont. 

Golborne 

(Hidge Green). || 

Golb 7,300 | 30,373 | Scheme in 

olborne Fant 

(Wigan Road). : 

Gorton- - -| 29,500 | 95,124 29,000 980,000 2 catch pits; 6 | Alumino ferric|6 filters, 4 6in. sand,12 
gallons dry | circular, 2 de- roughing fil-| sad and 
weather flow..| tritus, and 3 ters, storm| larite rmixé 

precipitation filter. Total| 3 in. sand, 
tanks. Total area 4,440| pea grave 
capacity square yards,| 3in. bea 
1,469,466 gal- 220 gallons| gravel, 12 
lons. per square|_ broken stor 
yard. cinders. 
Hale” -- . = 23i6,20051-°39,781 About 150,000 |4 small open | Alumino ferric|6 filters 240) 4 ft. clink 
4,750. | gallons dry | tanks and 1 -square yards.| cinders (21 
. weather flow.| covered tank. gauge). 
Total —capa- 
city 62,000 
gallons. ae 
Hazel Grove || About About 2 tanks. Total None 5 filters. Total | 4 ft. 3 in.scree 
and Bram- || 1,500. 130,000 capacity area 940| ed cinders. 
hall U.D.C. || gallons. 202,500 gal- square yards. . 
(Bramhall). | lons. 
| : 
) 7,982 | 39,682 
Hazel Grove |, About 150,000 | 3tanks. Total | Alumino ferric | 2 filters. Total | 4 ft. gravel ai 
and Bram- | 5,000. gallons. capacity area 377| ashes. ; 
hall (Offer- 150,000 gal- square yards, 
ton). lons. 397 gallons . 
! per square 
yard. 
Heaton, Norris | 9,856 | 76,273 8,600 293,000 2 tanks. Total | Alumino ferric | 4 filters. Total | 1 ft. 9 in. gray 
gallons. capacity area 870) and cinders 
280,000 gal- superficial : 
lons. yards, 470 | 
gallons per 
square yard ia 
| calculated on | 
625 square | | 
yards area of ; 
primar y 
filters. 

Hindleyh 3,500 | 30,000 | 4 tanks. Total | Alumino ferric | 4 filters. Total | 3ft. 6 in. rou 

gala! gallons. capacity area 110} and h® 
Green). 120,000 gal- square yards, | gravel, col 
| 23,504} 86,125 lons. 272  gallons| and sand. 
per. square 
J yard. 
Tindlev( Platt- About 250,000 2 tanks. Total | Alumino ferric —_ A 

bridge). 21,000. gallons. capacity 

500,000 gal- | 

lons. | 
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Jl Watershed, derived from Information supplied by 






(9) 


Method of 
ing Filters 
ether Inter- 


(10) 


used for Filtra- 
tion or Irriga- 


(11) 


Area of Land | pate of Filtra- 


tion in Gallons 
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Ga 


Sludge : 
How disposed 
of. 








(13) 


Number] Number 


of 


Samples | Samples 





nittent or é per Acre. Above 
; ion. ay’ 
ontinuous). Limit. 
‘ontinuous | None at present a Pressed and 2 
carted to land 
adjoining. 
ntermittent 94 acres. — Nursery gar- 1 
dener and 
land. 
ntermittent | Area for storm == On the site 0 
water 3 to 6 
dilution = 
2,500 square 
yards. About 
5,000 square 
yards avail- 
able at pre- 
sent for efflu- 
ent. . 
ntermittent =~ — Carted away by + 
local farmers. 
Intermittent Nil. = Removed by 0 
farmers. 
Intermittent None — Given to farmers 0 
Intermittent | About 5 acres 50,000 Carted away by 0 
farmers. 
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(14) 
of 


Below 
Limit. 


10 


bo 


~I 


CO 


10 


(15) 


te) 
Samples. 


~I 


11 





the Authorities to the Joint Committee—continued. - 


(16) (17) 

Percen- 
tage of 

Samples 
Below 
Limit. 


Remarks. 


71 


oF 


100 


64 





The alteration in filter 
area will come into use 
very shortly. 


100 


100 


A scheme for additional 
works is before the 


Local Government 
Board. 


co 
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(1) (2) (3) (4) (5) (6) (7) (8) 
Name of : Estimated Number of G5 Ake é Depth and 
Authority. Popula- | Rateable poyagn Quantity of Precipitation Precipitant Narmbon a Character of 
. Connected . Filters and SL 
tion. | Value. Sewage in Tanks and used. Total Kren Filtering 
aoa 24 hours. | Total Capacity. : Material. 

Urban District 

Council—cont. 

Hollingworth -| 2,447 | 11,388 1,600 40,000 3 tanks. Total None 3 filters. Total | 3 ft. 3 in. sanc 

gallons. capacity area 200] and cinders. 
95,625 — gal- square yards. 
lons. 

Hurst 7,193 | 25,000 -— Sewage treate|d at the sewage |works of Ashton-junder-Lyne Corjporation. 

Ince -in- Ma-| 1,628 | 2,637 — Sewage. treateld at the sewage |works of the Hindley Urban Disjtrict Council. 

kerfield. (Within| Watershejd. 

Irlam 4,750 | 23,601 3,500 85,000 —_ — — — 

gallons. 

Kearsley - -| 9,217 | 27,592 6,600 132,000 |3 tanks, each None 6 filters and 2 | 2ft. 9in. of coke 

gallons. 89 ft. by 35 ft. contact beds.| and cinders 
by 5 ft. 9 in. Totalarea908 | and 3 ft. cin. 
| Total capacity square yards, | ders. 
335,811 gal- 145 gallons 
lons. © per square 
yard. 

Knutsford - 5,300 | 29,508 4,800 214,000 3 tanks Total | Alumino ferric | 5 filters. Total| 3 high level 
gallons. capacity area 558] filters, gradu. 
291,000 gal- square yards, | ated cinders, 
lons. 383 gallons; 2ft.Gin. deep. 
per square} 2 low level 
yard. filters, gradu- 
ated cinders 
2 ft. deep and 
6 in. of river 
gravel. Total 
depth 2 ft.6in. 

Lees --- «| 3,628 117,794 —~ Sewage discha|rged into the se|wers of the Oldhjam Corporation. 

Levenshulme -| 11,485 | 50,428 -— Sewage treateld at the farm of |the Withington| Urban District | Council. 

Littleborough- | 11,166 | 52,292 8,800 290,000 4 tanks. Total | Alumino ferric | 2 filters. Total | 2 ft. 6 in., com- 

gallons. capacity area 290| posed-of 
350,000  gal- square yards,| broken stone 
lons. 1,000 gallons| and_ cinders 
per square; or mill ashes. 
yard. 

Little Hulton 5,000 100,000 1 septic tank. None 3 filters. Total} 5 ft. cinders 

(Ellenbrook gallons dry | Capacity area 2,600 
Outfall). weather flow.; 103,500  gal- square yards, 
lons. 38 gallons per 

7,294 | 32,302 square yard, 

Little Hulton 1,000 20,000 1 covered tank. None 2 filters. Total | Cinders 5 ft. 
Worsley gallons dry | Capacity area 270| deep. 
oad). weather flow.) 20,700  gal- square yards, 

lons. 74 gallons per 
square yard. 

Little Lever -| 5,119 | 16,527 5,000 # 140,000 3 tanks. Total Lime and 3 filters. Total | 3 ft. sand, pola- 

oan ‘ gallons. |, capacity copperas. area 290] rite, and 





| 














421,875 gal- 
lons. 





square yards, 
482 gallons 
per square 


yard. 





gravel. 
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eee 

















(9) (10) (11) (12) as) | a4) | G5) | G6) (17) 
Method of Number | Number Percen- 
wing Filters | AtenetLand | Roto of Filtra-| Sludge | of | | ofs..|. motal,. | tase nant 
Beenertbers| f2  Teriga. || “On1n Gallons | How disposed | Samples} Samples Sanrples Samples Remarks. 
mittent or eas 8 per Acre. of. Above | Below “| Below 
Jontinuous). : Limit. |- Limit. Limit. 
OE EEE EEE ee 
+ dence id, SOF 
Bo vee 
intermittent 24 acres — Taken. by 0: 9 9 100 , 
_ farmers. 
=e 5 acres in use, 17,000 Sludge is put 1 7 8 88 
planted with on the land. | 
| willows, un- 
| der- drained, Dy: ole 
“ 5 ft. to 6 ft. hed 
.| deep. : 
Continuous .| Not yet in use — Very — small 2 6 8 75 
Pte lect quantity of 
sludge is put 
on land. ee 
[ntermittent None — | Dried on spoil 2 8 10 80 
bank and 
‘| given, to Natt: oo 
|, farmers. 
Intermittent | None at present — | Have at. work 1 8 9 89 ne 
two sludge ‘ 
presses. The 
sludge is xi ’ 
> carted away 
by farmers. 
: 109. )| Additional filter beds 
4 hours in use, a? ws re 0 8 . ve for storm water in 
{8 hours rest. ‘| course of construction 
| at both places in 
| | compliance with the 
| demands of the Local 
ach filter in None — — 0 8 8 100 }| Government Board. 
use 24 hours,; : eas 
then «rested - mic 
24-hours.:* © |), = 2 
Intermittent None — Pertby i6 1 8 9 89 
Me Ricy «cs! farmers and 





omnes gS 
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| ° partly on own 
land. 
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Particulars as to the Methods of Sewage Treatment adopted by the Local Authorities in the Mersey : 





(1) (2) (3) (4) 
Name of : Estimated 
. Population . 
Authority. Popula- |Rateable Connecting Quantity of 


tion. | Value. Sewage in 


by 24 hours. | Total Capacity. | Bad gab hke Material. 


Urban District 
Councils—cont. 


Lymm- - -| 4,707 | 20,198 4,707 
gallons. 
Marple (Hsti-| 5,650 | 32,383 4,288 | From 80,000 
mated). to 90,000 
gallons. 
Milnrow - -{ 8,400 | 48,393 7,700 About 
192,500 
gallons. 
Moss Side- - | 27,600 [127,506 27,600 970,000 
gallons dry 
weather flow. 
Mottram -in-| 3,128 | 10,269 | About 900 22,500 
Longden- gallons. 
dale. 
New Mills- -| 7,773 | 34,185 6,200 100,000 
gallons. 
Norden- - -| 3,907 | 20,000 1,282 40,000 
gallons. 
Prestwich 600,000 
(Clough gallons. 
Works). 
12,839 | 62,661 12,039 
Prestwich 3,500 gallons 
(George 
Street 
Works). 








About 70,000} 1,000 lineal 


(5) (6) 
Number of 
Precipitation Precipitant 


Tanks and used. 





yards of deep- 
ly excavated 
carriers with 
weirs giving 
upwards of 
25,000 cubic 
feet capacity 
in which the 
sewage is im- 





pounded. 

4 tanks. Total | Alumino ferric 
capacity| and ferrozone. 
151,875 gal- 
lons. 

3 tanks, each | Alumino ferric 
100ft. by 308t. 
by 6 ft. Total 
capacity 
337,500 gal- 
lons. 

6 tanks. Total | Alumino ferric 
capacity 
652,660 gal- 
lons. 

2tanks. Total | Alumino ferric 
capacity 
64,800 _gal- 
lons. 

3 tanks None 
| 4 tanks. Total | Almunio ferric 
capacity 
24,793 — gal- 
lons. 
9 tanks. Total —_ 
capacity 
606,010 gal- 
lons. 
‘1 tank. Total. None 
capacity 
10,500 — gal- 
lons. 











Number of 
Filters and 


4 filters. Total 
area 611 
square yards ; 
also land fil- 
ter, 126 yards 
by 4 yards. 


— 


None 


2 filters. Total 
area 96 square 
yards. 


3 filters. Total 
area 72square 
yards. 


1 filter. Total 
area75 square 
yards, 533 
gallons per 
square yard. 


5 filters. Total 


area. 1,328 
square yards, 
451 gallons 


per square 
yard. 


2 filters 


(8) 
Depth and 


Character o 
Filtering 


3 {t. 6 in. gray 
and cinders 


4ft. 6 in. cinde 


4 ft. deep — 


3 ft. ashes an 
gravel. 


1 filter, cinde | 
and stone; : 
filters, cinder 
3 ft. deep, — 


2 ft. 6 in. of 


cinders, 
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| Watershed, derived from Information supplied by the Authorities to the Joint Committee—continued. 
I 


(9) (10) (11) (12) (13) | (14) | (15) (16) (17) 
‘ethod of Number | Number Percen- 
ng Filters ee of are Rate of Filtra- Sludge : of of Total | tase of 
‘ther Inter- po +I vtTa- | tion in Gallons | How disposed | Samples | Samples | a. nleg Samples Remarks. 
ittent or A ti je per Acre. of. Above | Below cane Below 
ntinuous). Stan Limit. | Limit. Limit. 


es eee 





- 15 acres plant- 4,666 Periodically 0 8 8 100 
ed with wil- cleaned out of 
lows. carriers and 
used as top 
dressing. 
ermittent _ — Disposed of on 1 9 10 90 
farm land 
near sewage 
works. 
e. 7} acres 25.666 On’land 1 8 9 89 Artificial filters in course 
; of construction. 
as 27 acres 35,925 |Pressed and| 3 5 8 63 ,.| lla, 1 2 28 papiyend 
Bah at 6 recently purchased for 
Padded extending the farm 
; works for disposal of 
storm water under 
consideration. Appli- 
cation for reconstruc- 
tion of storm water 
sewer before Local 
Government Board. 
termittent 24 acres —_ _ 0 7 7 100 
termittent 5} acres — Given to farmers 0 8 8 100 
| Continuous. : 
shies None ae On land 4 9 6 33 New outfall works in 
course of construction. 
itinuous and 8 acres — Given to farmers 5 3 8 38 
itermittent. 
itermittent None —— None 8 1 9 11 


Ee We ee ee 


Particulars as t 


o the Methods of Sewage Treatment adopted by the Local Authorities in-the Mersey 
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Name of 
Authority. 


Urban District 
Council—cont. 


Radcliffe - 

Ramsbottom -| 15,920 | 68,316 
Royton- - -| 14,881 | 64,014 
Sale -  - 12,088 | 81,708 
Stretford - -| 34,060 | 249,399 |’ 








(1) (2) 
Popula:'? Rateable 
tion. Pn Value. 








25,368 |100,882 


{ 


(3) 


Population 
Connected 
up. 


22,850 


14,245 


11,500 


12,088 


(4) 


Estimated 
Quantity of 
Sewage in 








10,600. 


24 hours. 


1,100,000 


gallons. 


500,000 gal- | 6 settling tanks 
(under recon- 


lons (when 
completed). 


About 
520,000 
gallons. 


750,000 
gallons dry 
weather flow. 


About 
700,000 


gallons dry. 





(5) 


Number of 
Precipitation 
Tanks and 


Total Capacity. 





MERSEY AND IRWE 





(6) 


woke recipitant 


(7) 


. Number of 


Kilters and 
Total Area. 


8 tanks. Total| Alumino ferric: | 16 filters. Total 


capacity 
1,056,000 gal- 


lons. 


struction). 


6 tanks. -Total 
capacity 
543,240 .. gal- 


lons, 


10 tanks. Total 
capacity 
2,106,561 


gallons, 


weather flow |. 


ee ie 


None 


‘area 2,000 
square yards, 
550 gallons 
per square 
yard. 


4 filters. Total 


area 950 
square yards. 


Alumino: ferric | 8 filters. Total 


area 800 
square yards. 


Ferric per salt | 12 filters. Total 
of iron. 


area 3,955 
square yards 
(not yet com- 
plete). 


| Character. of 


3ft. polarit 




























(8) 
. Depth and 


. Filtering 
_ Material. 


250 square 
yards, con 
taining 9 in. 
of polarit 
and 2 ft. 4i 
of gravel a 
sand; 1,7 
square yard 
containi 
9in. of cinde 
and 2 ft. 43 

of gravel a 
sand. 


9 feet of coke 
breeze. 


6 polarite 
filters, 3 
deep, viz. : 
9 in. Low 
stoft San 
9 in. polarite 
and Sal 3in 
coarse sanc 
15 in. grave 
in sizes gradu 
ated from pe 
gravel to si 
of walnut ; 3 
rows of 4-1 
drain tile 
18 in. apart a 
bottom of fil: 
ters, and 2 
clinker filter 
each 3 ft. deep 


and sand. 
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TERSHED—continued. 


11 Watershed, derived from Information supplied by the Authorities to the Joint Committee—continued. 


(13) 




















(9) (10) (11) (12) (14) 
Method of Number | Number 
sing Filters ee ee - Rate of Filtra- Sludge : of of 
hether Inter- “14..4:,> ,., | tion in Gallons | How disposed | Samples | Samples 

: Filtration o1 
mittent or | eee per Acre. of. Above | Below 
ontinuous). 8 . Limit. | Limit. 
itermittent 1 acre — Pressed © into 1 9 
sludge cake 
and given to 
farmers, 
ontinuous | About 10 acres — — a. — 
termittent |8 land filter — Given to farm- 0 8 
plots. Total ers for use 
area about 5 as manure. 
acres. 
} 
i 
— None — Given to. -farm- 0 4 
ers.. 
13,725 ©... | Pumped on to 0 8 


_ the land from 
receiving 
tank, 








(15) 


Total 
Samples. 


10 





(16) 


Percen-- 
tage of 

Samples 
Below 
Limit. 


(17) 





Remarks. 


90 5 acres of land in prepar- 


ation. 


Reconstruction of septic 
tanks and sludge 
filters, and formation 
of land filtration plots. 
almost completed. 


100 


100 


The remainder of the 
township is connected 
to the Manchester 


100 


system. 





oop MERSEY AND IRWE 


oe 





Particulars as to the Methods of Sewage Treatment adopted by the Local Authorities in the Mersey a 


(1) | 1x2) (3) (4) (5) (6) (7) (8) 
i ber of Depth and 

Wame-ot ; 3 Estimated Num ber ( As Nambar tat 
foatloniiy. Popula- | Rateable Hes Quantity of | Precipitation Precipitant Filearsaad. —- of 
tion Talio. mene Sewage in Tanks and used. Total ida eae teria 
oF, 24 hours. | Total Capacity. ' Material. 
: 






Urban District 
Councils—cont. 










































Swinton and |\ About 640,000 9 tanks. Total Lime and|Storm Filters: | Bacteria Be ds 
Pendlebury 20,000 | gallonsdry | capacity} copperas. | —Land and| —10 first co 
(Swinton) - | | weather flow] 938,820  gal- cinder filters | tact, 9 secon 

lons. 7,205 square} contact, eac 
yards; 14,800 | 75ft. by 75f 
| square yards| by 3 ft. 3i 
land and cin-| average de 
der filters, 1 | graded clink 
foot 6 inches 
deep cinders ; 
| coke filter 350 
27,001 |104,000 square yards; 
| cinder filters 
2,640 square 
yards, depth 
3.56, Gen 
Total area 
25,095 square 
yards. : 
Swinton and || About About 3 tanks. Total | Alumino ferric | Polarite, 150 Polarite 3f 
Pendlebury 7,000 160,000 capacity square yards, | land and ¢ 
(Pendlebury) gallons dry | 413,550  gal- land and cin- | ders 3 ft. 6 
weather flow} lons. der filters 
| 3,344 square 
yards, and 
250 square 
yards cinder | 
filters. Total 
area 3,744 
square yards, 
42 gallons per 
square yard, 
Tottington -| 6,300 | 24,567 2,000 20,000 2 tanks. Total |} Alumino ferric — = 
gallons. capacity 
120,000  gal- 
lons. 
Turton (Bel- 720 38,000 3 tanks. Total | None (Septic) | 1 filter. Total Cinders 3it. ¢ 
mont) gallons. capacity area 220 4 
21,469 gallons square yards 
Turton (Brad- 12,355 | 73,219 3,375 140,000 4 tanks. Total | Alumino ferric None Sand & gr 
shaw Works) gallons dry | capacity (land filtes 
weather flow.| 367,300 gallons . 
Turton (Eag- 5,080 195,000 | 3 tanks. Total |Lime & copperas| 2 filters. Total| Fine furn 
ley Works) gallons dry | capacity area 182] ashes lit. 
weather flow. | 195,000 gallons ‘| square yards,| and _ bro 


1,071 gallons | ballast 1ft 
per square | Total 3ft. 
yard. 





W ATERSHED—continued., 
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rwell Watershed, derived from Information supplied by the Authorities to the Joint Committee—continued. 





(9) 


Method of 
using Filters 


‘whether Inter- 


-mittent or 
Continuous). 


ihe 


Intermittent 


Continuous 






Intermittent 


Intermittent 






















































































(10) (11) (12) (3) | (4) | (as) | (26) (17) 
Aer nd Number) Number Percen- 
feed eopekiltra- Heo we % seek ee st . Be Total tage of 
: -.,. | lon in Gallons | How dispose amples | Samples |, Sample R rks, 
aon he per Acre. of. Above eiew? amples. Boe ene 
: Limit. | Limit. Limit. 
6 acres — Used for farm- 9 2 ll 18 
ing purposes. 

None — Sludge pressed 5 4 g 44 Application is being 
and removed made to the Local 
by farmer. Government Board 

for powers to borrow 
for extension of fil- 
tration area. 

2 acres 10,000 Deposited on 0 9 9 100 

remaining 4 

acres of land. 
Total amount 
of land for 
filtration or 
irrigation 6 
acres, but at 
present only 
2 acres are 
used. 
484 square yds. — Deposited on 1 2 3 67 
land; no 
sludge from 
tanks, only 
from the 
screens. 
23 acres in 5 50,909 Taken by 0 7 7 100 
filtration farmers. 
areas. 

None — Taken by 2 6 8 75 

farmers. 
e - 








6225—Ap. VI. 








3 D 


Name of 
Authority. 


Urban District 
Councils—cont. 


Tyldesley (with 
Shakerley) 


Urmston and 
Flixton Dis- 
triet Drain- 
age Joint 
Committee 


Wardle(Higher 


Works) 


Wardle(Lower 
Works) 


Westhoughton 
(Dog Holes) 


Westhoughton 
(Marsh 
Brook) 


Westhoughton 
(Roger’s 
Farm) 











(1) 


Popula- 





| 





tion. 


14,848 


11,100 


14,377 
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Particulars as to the methods of sewage treatment adopted by the Local Authorities in the Mersey an 





























(7) 


Number of 
Filters and 
Total Area. 


(8) 


Depth and 
Character of 
Filtering 
Material. 





area 500 
square yards. 


3 filters. Total 


area 3,700 
square yards. 


Alumino ferri¢ | 3 filters. Total 


area about 
105 = square 
yards, 285 
gallons per 
square yard 
(1 new eir- 
cular filter 
bed with cin- 
ders. Patent 
intermittent 
sprinklers). 


4 fltiersezZ 


high level 
(each 100 
square yards) 
and 2 low 
level (each 
140 square 
yards). ‘Total 
area about 
480 square 
yards, 104 
gallons per 
square yard. 
High level 
efiuent 


treated by] 


second con- 
tact on. low 
level filter. 


area 1,000 


(2) (3) (4) (5) (6) 
Paoalakad Estimated Number of 
Rateable Gens % teq | Quantity of | Precipitation Precipitant 
Valuo. ane Sewage in Tanks and used. 
UE: 24 hours. | Total Capacity. 
75,950 14,663 480,000 
1,300 Ast- gallons. vided into 32. 
ley sewage 
treated by 
Tyldesley. 
57,558 10,500 210,000 2 Septic tanks. None 
gallons dry | Total capacity 
weather flow.| 204,000 gal- 
lons. 
1,500 30,000 1 circular tank. 
gallons. Total capacity 
32,000 gallons. 
15,782 
2,500 50,000 1 circular tank | Alumino ferric 
gallons. and 4 square 
tanks. Total 
capacity 
50,000 gallons. 
| 
About About — an 
1,000 10,000 
gallons. . 
54,000 About About — — 
1,000 15,000 
gallons. 
‘About About 2 tanks. Totiul | Copperas, man- | 2 filters. Total 
11,500 220,000 capacity] ganese liquor, 
gallons. 450,000 gal-| and lime. 


lons. 


square yards. 
A third filter 


in course of | 


construction. 


{ 


2 tanks subdi- |Ferrozone& limel 8 filters. Total |Cinders 3ft. dee 


5 it. fine cinder 


3 ft. deep ashes 
circular filte: 
bed 6 ft. deey 
clinkers. 


High level 
coarse clinke: 
3ft. deep 
Low level 
coarse clinke: 
2ft. deep anc 
lft. fine ashe 
on top. 2. 
hours contin 
uous filtratioi 
and 24 hour 
rest. 


About 3 ft. d 
Materia 
Common 
gine ashes 
screened, t 
coarse ash 
being plac 
in the bot 

- layers and t 
fine inthe to 





— 


V ATERSHED—continued, 


rwell Watershed, derived from information supplied by 





(9) 


Method of 
using Filters 
whether Inter- 


(10) 


Area of Land 
used for Filtra- 
tion or Irriga- 





- mittent or ; 
Continuous). ee 
a emuttent 80 acres 
] 
24 hours in use, 9 acres 
24 hours rest.| - 
Intermittent = 
Intermittent = 
— 15 acres 
= 10 acres 
Intermittent | About 50 acres 


available. 


6225—Ap. VI. 











(11): 


Rate of Filtra- 
tion in Gallons 
per Acre. 


666 


1,500 
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(12) (13) 
Number 
Sludge : of 
How disposed | Samples 
of, Above 
Limit. 


Pressed and 5 
then used on 
land as ma- 
nure. 


Removed 
farmers. 


by 0 


on 4. 
filter 
and 
solid 

on 


Collected 
sludge 
beds, 
when 
wheeled 
land. 








Whole of sew- 0 
age irrigated 
on land. 
Whole of sew- 1 
age irrigated 
on land. 


Carted on the 0 
land. 











(14) 


Number 
of 
Samples 
Below 
Limit. 














(15) 


Total 
Samples. 


10 





the Authorities to the Joint Committee— continued. 


(16) (17) 
Percen- 
tage of 
Samples 
Below 
Limit. 


Remarks. 


100 


56 








100 


86 


100 The filters have been 
constructed in gon- 
sequence of the land 
being clay, and un- 
Suitable for filtration. 


eo 
S 
bo 





Name of 
Authority. 


Urban District 
Councils—cont. 


Whitefield - 





Whitworth - 


Wilmslow 
(Northern 
Works). 


Wilmslow 
(Southern 
Works). 

Withington 
(includes 


Levens- 
hulme). 


Worsley (Bar- 
ton Old 
Hall). 


W0.t 81.677 
(Boothstown). 


@ 


Yeardsley- 
cum- Whaley. 


RurAL DISTRICT 
CouNncILsS— 


Barton (Clif- 


ton). 


Barton (Davy- 
hulme). 


Bucklow (Dun- 
ham Massey). 


Bucklow 
(Northen- 
den). 


Bucklow (Tim- 
perley). 














(1) (2) 
Popula- | Rateable 
tion. Value. 
| 

6,775 | 22,075 
9,578 | 30,964 
: 7,361 | 47,874 
52,000 | 320,000 
12,462 | 64,119 
1,487 7,692 
2,947 | 39,436 
1,250 | 15,757 





19,885 |185,193 
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Particulars as to the Methods of Sewage Treatment adopted by the Local Authorities in the Mersey a: 





(3) 


Population 
connected 


up. 


5,000 


About 
7,000. 


3,000 


3,500 


51,000 


9,008 


1,650 


No scheme. 


100 


450 


Remainder 


flows 
through 
Altrincham 
U.D.C. 

1,500 


if 
2,500 




















(4) (5) 

Estimated Number of 

Quantity of | Precipitation 

Sewage in Tanks and 
24 hours. | Total Capacity. 
Average | 10tanks. Total 
450,000 capacity 

gallons per | 140,000 gal- 

day. lons. 
231,000 3 tanks Total 
gallons. capacity 
226,875  gal- 

lons. 

78,000 2 tanks. Total 

gallons. Carpi Clea. 
89,400 gal- 
lons. 

90,000 

gallons. at 

About 23 — 

million 

gallons (half 

subsoil 

water). 

300,000 *| 10 tanks. Total 

gallons. capacity 
58,000 gal- 
lons. 

50,000 2 tanks. Total 

gallons. capacity 
26,000 gal- 
lons. 

38,400 gal- | 1 tank. Total 
lons dry capacity 
weather. 4,800 gallons. 

flow. 

2,000 2 screening 
tanks. Total 
capacity 
573 gallons. 

= 2 tanks. Total 
capacity 
14,400 gal- 
lons. 

45,000 |2screening 

gallons. tanks. Total 
capacity 
13,500 gal- 
lons. 

75,000 | 3 tanks. Total 

gallons. capacity 
44,000  gal- 





lons. 





(6) 


Precipitant 
used. 


Alumino ferric 


Alumino ferric|13 filters. 





Alumino ferric 








Lime and 
alu-mino ferric. 


None 


None 


None 


None 
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(7) (8) 
Number of oe ae 
Filters and Filte. cr oy 
Total Area. M. ce 

aterial. 
| 

4 filters, 3 f 
Total area972| sand ant 
square yards.| gravel; 9 fi 
ters, 3 ft 
coarse ane 
screenet¢ 

ashes. 


Totalarea 1,600 | Sand and ashe 
square yards, 
24 gallons per 
square yard. 


Total area 106 
square yards, 
18 gallons per 
square yard. 


Sand and ashe 
2 ft. 


3 cinder filters, 
763 square 
yards. 


34 ft. cinder 


ERSHED—continued. 





termittent 





hours work- 
g, 48 hours 
st. 


termittent 








(10) 


Area of Land 
used for 
Filtration or 
Irrigation. 


3% acres 


34 acres 


7 acres 


8 acres 


49 acres 


44 acres 


4 acres 


1 
35 acres 


4% acres 














(11) (12) (13) (14) 
Number | Number 
Rate of Filtra- Sludge : of of 
tion in Gallons | How disposed | Samples | Samples 
per Acre. of. Above | Below 
Limit. | Limit. 
130,000 Carted away by 6 4 
farmer on the 
land. 
— Pressed 0 7 
11,142 Used by far- 2 9 
mers. 
11,250 Whole of sew- 1 10 
age irrigated 
on land. 
— Silt used as 7 5 
manure upon 
; land. Sludge 
pressed and 
burnt in de- | 
structor. 
6,818 Used as man- 8 1 
ure upon land. 
12,500 Used as man- 1 8 
ure upon land. 
=a Removed by 0 ) 
farmers. 
= Removed by 5 3 
farmers. 
3,857 Dried on land 1 5 
and given to 
farmers of 
same farm, 
10,000 Dried and 3 6 
carted away 
by farmers. | 
a Dried and 0 10 


| 





given to ad-| 


joining — far- 


mer. 














Total 
Samples. 


10 


11 


Li 


12 


io) 


10 

















(16) (17) 
Percen- 
tage of 
Samples Remarks. 
Below 
Limit. 
40 
100 
82 
91 
49 New works recently com- 
pleted for treatment 
by sedimentation and 
filtration on 12 acres of 
bacteria beds, with 24 
acres for storm water 
11 | New scheme now being 
prepared for Barton. 
89 
| 
100 
38 
83 Rate of filtration calcu- 
lated on basis of 30 
gallons per head per 
day. 
67 
100 
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_—_— 


3 
rs 
& 


FF 


Name of 
Authority. 


Rural District 
Councils—eont. 


Bury (Hollins)- 


Bury (Presto- 
lee). 





Chapel - en - le- 
Frith. 


Disley 


Hayfield (Par- 
ish of Hay- 
field). 


Leigh (Glaze- |’ 


bury Works). 
Leigh (Lowton 
Common 
Works). 
Leigh (Lowton 
St. Mary’s 
Works). 
Limehurst 
(Bardsley). . 


Limehurst 
(Crossbank), 


Limehurst 
(W a terloo). 

‘A portion of | 
Lime hurst 
he.0. i n= 
cluded in 
Ashton. 
under-Ly ne 
orporation 


Ludworth and 
Mellor Joint 
Sewerage | 
Board. 





Macclesfield 
(Poynton). 


Tintwistle 





rr pr 
—— 











(1) (2) 

Popula- 

tion. Value. 

1,700 | 

1,000 52,135 
/\(R.D.C. 
ee 

13,328 | 107,407. 

2,909 | 13,450 

2,641 | 13,170 





5,258 | 31,505 
(Portjion of 
R.D C. |District) 





10,338 


35,829 < | 


| 
| 


f 








2,544 | 16,182 
(Portjion of 
K.D.C. |District) 


2,095 | 22,219 





About 800 


About 500 





(3) 


Rateable Population 


connected 


600 


2,500 


(4) (5) 
Estimated Number of 
Quantity of | Precipitation 
Sewage in Tanks and 
24 hours. | Total Capacity. 


6,000 Septic tanks, 
gallons dry 13,000 _ gal- 
weather flow.| lons. 


3 tanks in each 
series worked 
in duplicate, 
100,000 gal- 


lons in each 


55,000 gallons 





1,650 


1,410 


About 700 


1,000 


1,800 


| 
| 


About 
2,800. 


3,000 


25,000 gallons 


series. Total 
capacity, 
200,000 gal- 
lons. 

3 tanks. Total 
capacity, 
54,562 gal- 
lons. 

2 tanks. Total 
capacity 
42,000 gal- 
lons. 

One settling 
tank. 

Works consisit of a filter bed. 





21,000 gallons 


stream are| quite dry. 
45,000 gallons| 3 tanks. Totai 
capacity 
60,555 gal- 
lons. 


12,500 gallons| 2 tanks. Total 
capacity 
27,000 gal- 
lons: 


(70,000 gallons] 5 tanks. Total 


capacity 
112,000 ga- 
lons. 


45,000 gallons 





/ 


2,225 


| No scheme. 


1 septic tank, | 


Capacity 
67,500 gal- 
lons. 
38,000 gal- | 2 tanks. 
lons dry| capacity 
weather! 61,875 gal- 
flow. lons. 





(6) 


Precipitant 
used. 


None 


Alumino ferric 


Ferrozone 


Alumino ferric 


(See note to Liowton St. Mary’ 
A second beld in course of |construction. 


(7) 


Number of 
Filters and 
Total Area. 


3 filters. Total 
area 220 
square yards, 
27 gallons per 

_ square yard. 


None 
None 


1 filter 


The works cjonsist of a tank |and filter bed, which have been 
dealt with,| for previous to |such sewerage arriving at the 


Alumino ferric | 3 coarse contact 


None 


Alumino ferri.: 


None 


Total | Alumino ferric 


ocala Saale RY OR, “NC 


beds, 3 fine 
contact beds, 
435 square 
yards. 

4 filters, 213 
square yards. 


3 coarse contact 
beds, 4 fine 
contact beds, 
and 2 small 
contact beds. 
Total 
772 square 
yards, 


6 bacteria beds. 
Total area 
800 square 
yards. 


None 





area] 


6) = 


Depth an d 
Character 


- 





Cinders 


s Works as 


constructed 
works it pass 


8 ft. clink 
and ashes. 


ft. furne 
clinkers. 


3 


3 ft. clink 
and ashes. 


3 ft. des 
screened co 
and furne 
slag (n 
ashes) r 
jected by» 
in. mesh a 





passed by 
in. mesh. 
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Watershed, derived from Information supplied by the Authorities to the Joint Committee—continued. 
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In summer 
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flow for 1 acre 
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| 
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100 | 
100 


50 | 
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Remarks. 
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Carlisle and the River Eden. 


The river Eden from the neighbourhood of Carlisle to its estuary, a distance of 
about 7 miles, was examined by the authors on August 2nd and 3rd, 1904. Mr. Slater, 
clerk to the Fisheries Board very kindly accompanied them, and rendered them 
valuable assistance by his intimate knowledge of the river. The proprietor of the 
fishing, Mr. T. Robinson, also gave them material assistance in examining the non-tidal 
portion of the river immediately below Carlisle, by providing boats and men for the 
purpose. , 


The weather at the time was very warm and dry, and the authors were informed 
by the fisheries inspector that the river was lower than it had been for several years 
previously ; notwithstanding this, it was still a broad and rapid stream, and its waters 
just above Carlisle were clear and evidently free from anything like serious pollution. 
They were found to contain 7°05 c.c. oxygen per litre, which is the saturation quantity 
for distilled water at 16°C. 


The appearance of the river and of its waters at this point, in fact, fully supported 
the reputation which it has so long enjoyed for the quality and abundance of its trout, 
salmon and various other kind of fish. But a little lower down, about three-quarters 
of a mile below Carlisle, its appearance was grievously marred by the sewage which was 
being emitted from an outfall on the left bank of the river. Through this outfall 
was flowing the sewage of Carlisle in a crude state. The population of Carlisle is 
about 45,000. 


The outfall pipe was evidently constructed to deliver the sewage below the surface 
of the water, but at this time it appeared to be choked and the sewage was bursting 
out from a concrete channel on the bank and was cascading into the river. Just at 
the outfall, the flow of the river water was very rapid, and the effect of this was to keep 
the sewage pressed towards the left bank for a distance of 500 or 600 yards, giving the 
waters affected by it a foul appearance, and polluting the bed underneath them toa 
serious extent by the deposition of sewage solid matters along it; the waters towards 
the right bank for the distance stated seemed scarcely to be affected by the sewage. 


This reach of the river is followed by rapids which continue for about 150 yards, 
and the waters and sewage during their course through it became thoroughly in- 
termixed. The dissolved oxygen in the waters here amounted to—Surface, 6°48 c.c. 
oxygen per litre; bottom, 6°19 cc. oxygen per litre. After this the river deepens 
considerably, and the flow of the water becomes sluggish, and here for a distance of 
about 2 miles, the river acts as an excellent subsidence tank, with the result that its’ 
bed was covered with solid sewage matters, and presented a foul and disgusting 
appearance. Mr. Robinson’s men demonstrated the injury being done to the bed of 
the river at this point by shooting a salmion net across it. When the net was landed 
it was found to be clogged with a mass of crude sewage matters. Quite a large heap 
of similar material at the place where the net was dragged (Grinsdale Island) was a 
silent witness to what the net had picked up on previous occasions. Quantities at 
times getting inflated with gases rise to the surface and float with the stream. At the 
time of the authors’ visit, this debris was not exactly stinking, but they were told that 
the smell is at times disgusting, and that the fishermen sometimes vomit from it. 
Black offensive sludge lined the bank of the river at this part at least a foot thick. 


The waters also along this portion of the river appeared to be dirty, especially the 
slack portion along the bank. Both bottom and surface waters were, however, well 
aerated, thus—a sample collected 7 feet below surface contained 5°91 c.c. oxygen per 
litre; a surface sample contained 6°33 c.c. oxygen per litre. It is important to note 
that the deposited solid matters remain quiescent on the bed of this portion except at 
freshets, and that they in consequence exercise little de-aerating effect in the gently 
flowing waters above them. Compare the aeration of these waters with that of the 
waters of the Ouse, Lifféy and Thames.* 


Lower down, the river again narrows into rapids, and about 2 miles down stream: 
the waters were again apparently free from pollution; and fish, especially the kind 





* pp. 88-91 332, 


377 


locally known as “herling,” became abundant. Samples of water collected from the 
stream showed an aeration as follows :—- 


Surface - - 5°97 c.c. oxygen per litre, temp. 18°8 C. 
Bottom - - 5°34 cc. oxygen per litre. 


The river rapidly broadens out below Rockcliff, and wide sand banks are exposed. 
These were for the greater part quite clean, but the bank is being cut away, leaving 
mud at the margin along Burgh marsh and Drumsburgh marsh. Abreast of Sandsfield, 
about 1{ miles below Rockcliff, a surface sample was collected, and examined with 
the following results :— 


Chlorine” - : - 2°16 gms. per litre. 
Oxygen - - - 5°82 c.c. per litre, temp. 19°3 C. 


‘The average tides run about 2 miles above Rockcliff, that is within about 24 miles 
of the Carlisle Outfall. 


Fish. 


The authors were informed that course fish are abundant about three-quarters of a mile 
below the outfall. All the fishery people were agreed that salmon would not run up 
from the sea except after a freshet, and it was also stated that salmon below the outfall 
had a distinct taste. The authors themselves had some experience of this. They were 
presented with some herling by a gentleman from his catch. The fish weighed about 
4 to #lb., and were extremely nice looking fish. The flesh of the fish was similar to 
that of trout, but had an unpleasant earthy taste. The taste was so suggestive of 
humus matters that it was difficult to avoid the conclusion that it was due to the 
pollution of the river, especially by solid matters as above described.* 


Vegetation. 


Plenty of green algae and a long green weed with white flowers, locally known as 
“eel grass,’ were observed in the river. Very little seaweed was, however, visible along 
Burgh and Drumsburgh marshes, probably owing to the rapid tides and moving sand. 
But near Drumsburgh, one spot which was protected from the tide by a groin was 
abundant in ulva and some enteromorpha. Both weeds were fairly abundant at the 


small creeks. 


Conclusions. 


If the waters of the river Eden below the Carlisle outfall be included in the third 
class of tidal waters, the pollution by the /igwd matters from the outfall must be 
regarded as less than the maximum amount allowable under the standard proposed for 
that class of water; the aeration tests which have been given above prove this; but 
the pollution by sold matters is not allowable under the standard, and so the discharge 
from the outfall must be condemned because the solid matters were not previously 
separated. If they were, there can be no doubt that the liquid portions of the sewage 
could be continued to be discharged without danger to public health or to fish life. 


Plymouth and the Estuaries of the Tamar and of the Plym. 


The confluence of the estuaries of the Tamar and Plym forms the Plymouth 
Sound, and on reference to the Ordnance map, it will be readily understood that the 
waters of these estuaries and of the neighbouring inlets present excellent means of 
studying the effect of the discharge of crude sewage into tidal waters, the currents of 
which vary in depth, strength and direction. 


The Sound is three miles long from north to south, and 24 to 3 miles broad. Its 
inlets on the north side from the east end westwards are—(1) Catwater, (2) Sutton pool, 
90 feet wide at entrance and 27 acres in area, (3) Millbay Cove, (4) Stonehouse pool, 
and (5) Hamoaze, 4 miles long from Mount Edgeumbe to Saltash. 


* See the formation cf humus matters from sewage solids, Section 1, p. 32. 
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The great breakwater stretches across the middle of the Sound 24 miles south of 
the Hoe. It is 360 feet wide at base, sloping to 45 feet at top, and 1,700 yards long. The 
open channel at either end of the breakwater is 4,300 feet wide on the west and 2,200 


feet wide on the east. 


Plymouth, Stonehouse, and Devonport are situated close together along the northern 
shore of the Sound. There are also Saltash on the right bank ofthe Tamar, and Tor- 
point a little to the south of it on the Hamoaze. The populations of these places are :— 





Plymouth - - - - 114,003 Saltash - 25h. WE : 2 7,928 
Stonehouse - - - - 1530 it Torpoint aT a a 2.000 
Devonport - - - - 75,334 

204,448 , 9,928 


—___— 





The authors were informed during their visit to these localities on August 16th 
and 17th, 1904, that sewage was being discharged in the crude state from the following 


outfalls :— 


. Laira Outfall (Plymouth). 

. Deadman’s Bay Outfall (Plymouth). 
Fisher’s Nose Outfall (Plymouth). 

. Millbay Outfail (Plymouth). 

. Firestone Bay Outfall (Stonehouse). 
. Mutton Cove Outfall (Devonport). 
Moon Cove Outfall (Devonport). 

. North Corner Outfall (Devonport). 
Bull Point Outfall (Devonport). 

10. Saltash Outfall. 

11. Torpoint Outfall. 

12. Millbrook Outfall. 


He 09 DD 
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Of the four outfalls from Plymouth, one only, that at Fisher’s Nose, which dis- 
charges 90 yards from the shore into 30 feet below low water at spring tides, was 
suitably situated. On reference to the Appendix of this Report, p. 76, it will be found 
that nuisance has been caused from the deposit of sewage on the foreshore in Deadman’s 
Bay, and an annoyance at Millbay, and that the outfalls causing these nuisances will be 
dispensed. with, the sewage being discharged by the new main drainage system into 
deep water about 95 feet below low water. 


Where the sewage discharges at the Fisher’s Nose, that is into the Sound at the 
mouth of Catwater, no annoyance has been caused. At this point, and at that of the 
new outfall, the tidal currents are rapid. The first has west-south-westerly direction, 


and the second an easterly direction. After joining together, both take a south- — 


easterly direction to the sea by the eastern end of the Plymouth Breakwater. 


On reference to p. 37 of the Appendix to this Report, it will be seen that one of 
the Devonport outfalls discharges a clear effluent free from smell. Of the other three, 
two discharge along the shore. It is stated that the discharge from these outfalls has 
ruined a bathing place close by, by discolouring the water and causing accumulations 
of waste paper, etc. 


The authors made an examination of the waters in the neighbourhood of Plymouth 
and Devonport on the dates above mentioned, and came to the conclusion. that the solid 
sewage matters were the real offenders in giving rise to nuisance. The discoloration 
caused by the discharge of sewage into slack waters was also a cause of serious trouble, 
but they did not find that the aeration of the tidal waters was reduced below the 
minimum limit allowable for the protection of fish life. Thus the salinity and aeration 
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of samples collected from the surface waters of the Plym about 300 yards above and 
below the Laira outfall, during the fifth hour of the ebb of an average, was as follows :— 


Sample above outfall—Salinity = 11°7 parts chlorine per litre. 
Acration = 5°71 c.c. oxygen per litre. 


Sample below outfall—Salinity = 124 parts chlorine per litre. 
Aeration = 5 63 c.c. oxygen per litre. 


The right bank of the Plym, about 400 yards below the Laira outfall, was covered 
with mud, which was brown grey on the surface and foul and black immediately below it. 


The sewage which was being discharged from the outfall in Deadman’s Bay gave 
the waters a very dirty appearance for a radius of about 80 yards from the outfall at 
slack tide, but the effluent was lost sight of beyond this. 


The waters in the neighbourhood of the outfall at Millbay Cove were also badly 
discoloured, a sample collected about 350 yards to the south-west of the outfall at slack 
tide gave the following results :-— 

Salinity =20 parts chlorine per litre. 
Aeration = 5°85 c.c. oxygen per litre. 


A sample of polluted water was collected next day, at low water, vertically over the 
Millbay outfall, and examined with the following results :— 
Salinity = 14°46 chlorine per litre. 
Aeration = 4°86 c.c. oxygen per litre. 


The outfall pipe was 10 feet below the surface and the sewage was boiling up. 
No solid excrement to speak of was noticed, but the surface waters were much dis- 
coloured. Much rain amounting to 1°06 inches had fallen the previous night. 


The salinity and aeration of a sample of water collected from the Tamar near the 
mouth of the Tavy, on the beginning of the flood tide, were found to be as follows :— 


Salinity =11°7 parts chloride per litre. 
Aeration = 6°06 cc. oxygen per litre. 


Higher up the Tamar patches of green weed were noticed on the mud of Camel’s 
Head Creek. The banks on the east side at Bull Point were clean to the Suspension 
Bridge and apparently so further up. At Saltash the green weed seemed to be confined 
to enteromorpha. Ulva was not seen. 


Conclusions. 


The Plym, much the smaller of the two rivers, undoubtedly showed signs of being 
polluted from the Laira outfall to at least the railway bridge. But as deep water was 
reached these signs disappeared. 


The banks of the Tamar showed some pollution, but the volumes of water entering 
and flowing out of this estuary is so large that other signs of pollution would scarcely 
be visible. 


Mr. Alderman James, a member of the Devon Sea Fisheries Committee, was of the 
opinion that salmon and peel were not affected by the sewage from Plymouth and from 


the neighbouring townships, but that they had been seriously affected by mine refuse, : 


containing copper and arsenic. Dead fish had been frequently observed in the river 
into which the refuse had been discharged. The river had been subsequently improved, 
and plenty of fish were said to be in it. Several peel had been recently taken in 
mackerel nets near the Plymouth outfall at West Hoe. 


The nuisance complained of in the neighbourhood of several of the above outfalls 
was chiefly due to sewage solid matters, but it was partly due to discoloration of the 
tidal waters by the liquid sewage matters. The remedy for both these sources of 
nuisance appeared to be either to select more suitable positions for the outfall, as 
the Plymouth authorities were preparing to do, or to purify the sewage before 
discharge into tidal waters. 
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It will be observed that the tidal waters in the neighbourhood of the deep water 
outfall at Fisher’s Nose may be included in the first class of tidal waters. 


The authors have to acknowledge their indebtedness to the authorities of Plymouth 
for the use of a steam launch, and to Mr. H. Victor Prigg, the engineer in charge of Mr. 
Mansergh’s main drainage system, which was in course of construction, for kindly 
acting as their guide, and giving them the benefit of his intimate knowledge of 


Plymouth and of its neighbouring waters. 


River Thames. 


The results of analysis of a number of samples of polluted water, which were 
collected by the authors along the Thames in August, 1904, from abreast of North 
Woolwich to Chapman Lighthouse, have already been recorded and discussed.* 


The results showed that the waters, both surface and bottom, of the Thames, and 
.at all states of the tide, were largely de-aerated, from North Woolwich to beyond Grays. 
At Mucking the aeration of both surface and bottom waters, especially the latter, began 
to show a distinct rise. At this point it was at the minimum limit adopted in Section 1 
as possible for the continued support of fish life. From it down stream the aeration 
steadily improved, and at Chapman it amounted to 4°5 c.c. oxygen per litre, and the 
salinity to. 16°4 parts chlorine per litre, practically for both surface and bottom samples, 
the figures for the latter being slightly higher than those for the former sample. 


Reasons are given in Section 1f for regarding the greater portion of the de-aeration 
of the most polluted portions of the river waters as due to the presence of easily oxidisable 
substances, possibly products of putrefaction among the suspended matters in the 
water, originating from the sewage solids deposited from time to time along the bed 
of the river, and stirred up by the force of the tidal currents. $ 


It is interesting to compare these results with the conclusions which Dr. Houston 
has drawn from the bacteriological examination which he made of the Thames waters, 
as to their condition at corresponding points along the river.** It will be seen from the 
following comparative statement that they are in complete agreement :— 





Dissolved Oxygen. 


Dr. Houston’s Conclusions. ; 
c.c. per litre. 


7 





The bacteriological condition of the River Thames at Barking, Crossness, and 
Purfleet is very unsatisfactory - - - - - - - : - 1:44 to 1°55. 


At Grays, about five miles lower down the river than Crossness, the water 
showed some slight evidence of improvement, particularly as regards the 
B. coli test = - - - : - - - - - - - - 18 


At Mucking, 10 miles below Grays, the Thames water shows definite signs of 
improvement. With regard to coli-like microbes, 11:5 per cent. of the 
samples contained 100, 57-7 per cent. contained 10, and 30°8 per cent. 
contained 1 per c.c. As regards B. enteritidis sporogenes, about one-third 
of the samples contained 10 spores, and about two-thirds 1 spore, per cc. - | 3°5 (surface) 4-4 (bottom). 





.t the Chapman Lighthouse, five miles below Mucking, the Thames water was 
so tar improved relatively as seeming to vie in biological purity (qua B. coli) 
with some of the samples of filtered London water ; about half the samples 
contained less than one coli like microbe per c.c. As regards the B. enter- |, 
itidis sporogenes test about four-fifths of the samples from this section of 
the river gave a positive result with 10 c.c., but a negative result with 1 c.c. | 4°4 (surface) 4°6 (bottom). 





The acknowledgment of the authors is due to Dr. Williams, M.O.H. to the Port of 
London, for his courtesy in providing them with means of making their examination of 
the river, and to Dr. Willoughby, one of the assistant medical officers, for accompanying 
them and affording them much valuable assistance. 


W. E. ADENEY, 


f ~ Royal University, Dublin. 





* Section 1, Table 37. 7 Ibid, p. 91. 
! { See also Section on the River Humber and its Tributaries, p. 332. 
‘*Fourth Report of the Royal Commission on Sewage Disposal, Reports by Dr. Houston on Bacteriological 
Investigations, Vol. 3, p. 66. 
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SECTION 71. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED. 


NEWPORT (MON.) AND THE RIVER USK. 
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“~~~ NEWPORT (MON.) AND THE RIVER USK. 


‘The river Usk rises near the eastern boundary of Carmarthenshire, and after tra- 
versing the county of Breconshire from west to east, passes into Monmouthshire and 
eventually enters the estuary of the Severn a few miles below the town of Newport. The 
total length of the river is about 72 miles of which 16 miles are tidal. 


The chief sources of pollution appear to be (1) the sewage from the town of Brecon 
(population 5,875); (2) the waters of the Afon Llywd; (3) the sewage of Newport; (4) 
the waters of the Ebbw river. 


Regarding the first of these, the pollution is probably not of an extensive character, 
although in the Report of the Royal Commission on Salmon Fisheries it was returned as 
rendering the river water partially unfit for salmon, but it was also stated that the 
matter was being dealt with by the Brecon Town Council, who were carrying out an 
extensive alteration to their sewage filtration system. 


“The Afon Llywd, one of the main tributaries of the Usk, which joins the river at 
Cacrleon, and which has various tinplate and other works and collieries on its banks, 
is little better than a huge sewer. No attempt is made by the various urban and dis- 
trict councils to deal with the sewage, which flows into the river. Most of the works 
make some attempt to filter or otherwise reduce the acid coming from the works, and 
the owners of collieries also to a certain extent reduce the large amount of coal washings 
which used to flow direct into the river.” * 


Regarding the third and chief source of pollution. The town of Newport has a 
population of 70,217, and the total dry weather flow of the sewage is estimated at 2,000,000 
gallons per day of twenty-four hours. This sewage is largely domestic, but also includes 
the effluents from iron works, chemical, manure and rubber works. It is discharged 
in a crude state into the Usk through several outfalls situated on the river banks. These 
outfalls are tide-locked during certain hours; the time during which this occurs depending 
on the nature of the tides, whether springs or neaps. Sewage, therefore, makes its way 
into the river during both the flood and ebb tides. 


The width of the river at Newport is about 1,000 feet and the tidal rise and fall 
amounts to over 38 feet at springs. The tidal currents are very rapid in the river, varying 
from four to six knots per hour. Very extensive dilution of the sewage therefore 
occurs, and the river bed is continually submitted to considerable scouring 
action. Moreover, this bed gets a thorough exposure to the atmosphere twice in the 
twenty-four hours. It may be added that the Usk in its tidal reaches is a remarkably 
muddy stream, the banks on either side consisting of this material to a considerable 
depth (some feet), while the water is extraordinarily turbid, a tumblerful collected in 
midstream some miles above Newport depositing sediment to such an extent that its 
height was at least one-tenth that of the water. 


Regarding the Ebbw. “ The river Ebbw is in an almost identical position with the 
Afon Llywd, except that it does not flow into the river Usk, but discharges into the Bristol 


Channel.” f 


The Hbbw is in an even worse condition so far as pollution is concerned than the 
Afon Llywd.* 


THe Usk IN RELATION TO FisH LIFE. 


The Usk is an excellent salmon river as is apparent from the fact that the average 
number caught yearly in its upper waters by rod and line amounted to 1,600, while in 
1891 (an exceptionally good year, however) no less than 5,000 were taken in that way. 
Considerable numbers of salmon are also captured by nets, and outside the mouth of 





* Royal Commission Salmon Fisheries Report, Part IIT. Appendix. Section 1, p. 182. 
{ This is scarcely correct as will be seen from the map of the district. 
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the river by curious basket-like contrivances of wickerwork termed “ Putts,” or “ Putchers,” 
but we have not been able to ascertain how many are thus taken yearly.. 


The pollution of the river is of importance chiefly in relation to the salmon fishery, 
nd we have not been able to ascertain that it affects the condition of the water in any 
other way or has led to complaint. 


Regarding its effects on fish life we may quote the following evidence given before 
the Royal Commission on Salmon Fisheries in 1900. 


Omitting any discussion of the effects of the sewage of the towns of Brecon and 
Abergavenny in the upper reaches of the river, which are apparently being satisfactorily 
dealt with by the local authorities, and coming to the tidal portions of the river, serious 
complaints were made of the Afon Llywd. 


“No fish can live in the Afon Llywd; so much so that we have even had fish killed 
in the Usk where it joins the Afon Llywd. . . Only last year on one occasion we found 
a large number of what we call salmon pink dead near the mouth of the Afon Llywd, 
absolutely in the Usk for a distance of 300 yards.” While in addition to the actual de- 
struction of fish the witness was of the opinion that the polluting matters coming from 
this stream prevented salmon from ascending the Usk. ‘‘ Young fish have been killed 
and big fish have been seen to turn back.” * | 


No evidence was given regarding any deleterious effects produced by the sewage of 
Newport, but as already mentioned, the Ebbw river was stated to be in an even worse 
condition as regards pollution than the Afon Llywd. | 


* Royal Commission Salmon Fisheries Report. Evidence of the Clerk to the Usk and Ebbw Fishery 
Board, pp. 133-143. 
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Visit TO NEWPORT AND THE ESTUARY OF THE USK. 


We visited this district on the 9th and 10th of August, 1904, and we desire to express 
our thanks to the Mayor of Newport, CouncillorW. C. Phillips, Dr. Howard Jones, the Medical 
Officer of Health, Mr. R. H. Haynes, the Engineer, who received us with great kindness, 
gave us all the information in their power, provided us with a launch tor inspecting and 
examining the river, and made every arrangement possible to enable us to spend our 
time to the best advantage. We are under special obligations to Dr. Jones, as he 
accompanied us on all our inspections and most kindly made several analyses of wate1 
samples for us in his laboratory. 


Our first inspection was that of the Afon Llywd, and the Usk near the junction of 
the two streams. 


For that purpose we drove to the bridge over the first of these two, a little above 
Caerleon, timing our visit so as to arrive about low water. 


The Afon Llywd is here a small stream 7 to 8 yards wide. The water was very brown 
and turbid and the stones in it were covered with a brown deposit apparently of oxide 
_of iron. Possibly this was derived from the “pickling” liquors of tinplate works, 
situated further up stream. On the whole the stream was sluggish, but there were occasional 
rapids. The bridge is situated practically at the tidal limit, but we were informed that 
spring tides 1un about 100 yards further up stream. The volume of non-tidal water 
descending the Afon Llywd is small compared with that of the Usk. 


From the analysis which we give further on, this water, though saturated with oxygen 
on the day of our visit, was unmistakably polluted with sewage. 


THe Usk JUST ABOVE ITS JUNCTION WITH THE AFON LiLYwpD. 


The banks of the Usk are generally extraordinarily muddy so that the collection 
of a sample of water at low tide is no easy task. This was specially the case near the 
Afon Llywd, and great difficulty was experienced in reaching the river. Finally a spot 
was found about one-third of a mile above the confluence of the two rivers where the 
bed of the stream was stony. But to reach it a steep mud bank had to be negotiated. 
This could only be done by wading up to the knees in mud down the bank, and care was 
necessary to avoid being completely bogged. This mud, though brown at the surface, 
was black about an inch below, but was not distinctly offensive. At the waterside the 
stones gave a good footing and a sample of the water was easily collected. The river 
was shallow here and fordable, but as before mentioned it was low tide at the time of 
our examination and only fresh water was descending. This, as its analysis shows, was 
rich in dissolved oxygen and practically free from sewage pollution. 


It should be mentioned that plenty of Hnteromorpha was growing on the stones in 
the river’s bed, and the green vegetation which we noticed in fair quantity between New- 
port and Caerleon was probably the same alga. 


THE Usk From NEwrport To GLEN USK DURING THE FLoop TIDE. 


We examined this reach of the river from a launch when the tide had risen suffi- 
ciently, collecting samples of the water on the way. 


Starting from the Pontoon Landing Stage the first sample was collected just above 
the two bridges which span the river at the town, and in the neighbourhood of one of 
the sewer outtalls. The next sample was collected immediately below Caerleon Bridge 
and ‘the last immediately above Glen Usk. 


The results of the dissolved oxygen determinations (made on the launch at the 
time of collection) are very different from those of the waters of the Afon Llywd and 
Usk earlier on the same day during the ebb tide when fresh water was alone present in 
their channels. These samples were practically fully aerated, whereas those collected on 
the flood tide only contained 80 to 70 per cent. of the dissolved oxygen corresponding 
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with the air saturation value at the particular temperature, and these figures are con- 
siderably reduced if the salinity of the water is taken into consideration, probably to 
74—60 per cent. It will be seen that the actual amount of dissolved oxygen gradually 
decreased as the river was ascended. 


From the analyses of the water which Dr. Jones was so good as to perform for us, there 
are clear indications (as might, of course, be expected) of sewage pollution at Newport: 
at Caerleon scarcely any: while at Glen Usk pollution again appears to be present—pos- 
sibly from some local cause. 


We should mention that we made a second trip in the launch up the Usk as far as 
its junction with the Afon Llywd and found at that spot a much higher amount of dis- 
solved oxygen than in any of the samples just referred to, while the chlorine was far lower, 
indicating no doubt a higher proportion of fresh water. 


We have before alluded to the extraordinary amount of mud present both on the 
bed of the Usk in its tidal reach, and also in suspension in the water—which very possibly 
affects the dissolved oxygen (see pp. 383 and 131-134). 


THE Usk FRoM NEWPORT TO THE SEA. 


We examined this reach of the river from the launch, starting from Newport at 


half ebb. 


Two samples of water were collected at the mouth of the Ebbw river—one from 
the surface and the other from the bottom. It will be seen from the table of analyses 
that sewage pollution was clearly indicated, and that both the chlorine and dissolved 
oxygen were distinctly higher in the bottom sample—indicating possibly a stream oi 
sea water carried upwards on the flood tide and descending on the ebb, while the fresher 
and more polluted water remained on the surface. 


The next samples were collected about a mile below the mouth of the Ebbw river 
and during the last hour of the ebb, and as in the previous case, both a surface and bottom 
sample were examined. The water here was remarkably turbid. The dissolved oxygen 
was found to be distinctly lower in both samples than in those collected previously at 
the mouth of the Ebbw river, but was slightly higher on the surface than in the bottom 
sample. 


The launch was anchored at this spot for some time and determinations of chlorine 
were made at intervals on surface samples of the water. Variations in its amount occurred 
rapidly as the following figures show :— 





Parts of Chlorine per 





Time. 1,000 of the water. 
11.40 - - - - 8:28 
12.0 - - : - 741 
12.25 - - - - 6°51 
12.35 - - - - 6°57 








_ The last sample was examined practically at low water, and the amount of chlorine 
found corresponds for all practical purposes with a mixture of one-third sea water and 
two-thirds fresh. 


The next samples were collected outside the river and off St. Bride’s, which is practi- 
cally in the Bristol Channel. By this time the tide had turned, and the flood stream 
(estimated as being then five knots an hour) was setting towards the river’s mouth. Two 
samples were collected as before—one from the surface water, which at the time was 
agitated by a fairly strong breeze and tidal jabble, and the other from near the bottom, 
which was about 25 feet deep. The chlorine content of both was the same, namely 13:0 
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parts per 1,000 of the water, but the dissolved oxygen was somewhat higher in the surface 
(5°19) than in the bottom sample (4°83)—a result which was only natural from the exist- 


ing conditions. 


The average chlorine content of sea water is probably rather over 19 parts per 1,000 
and therefore the amount found outside the river corresponds with about two-thirds of 


such salinity. 


For a temperature of 19°C. the amount of dissolved oxygen in fully aerated sea water 
is 6°41; and for distilled water 6-66 c.c. per litre at N.T.P. . 


Supposing then that in a mixture of the two, each retains its own capacity as regard 
air saturation, two-thirds of sea water mixed with one-third of fresh water would, if fully 
aerated at 19°C., hold in solution psi se ut = 5°82¢.c. per litre. The amount of 
dissolved oxygen actually found in the surface sample is only 89 per cent. of this, and 
in the bottom sample 83 per cent, from which it would appear that the water entering 
the Usk on the flood tide from the Bristol Channel is not fully saturated with oxygen, 
which we do not think surprising in view of the extensive area drained by the Severn 
estuary and the amount of silt the water contains. 


H. A. L. 
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SECTION 75. 


- BXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED. 


GLOUCESTER AND THE SEVERN. 
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GLOUCESTER AND SEVERN: 


SCALE OF MILES 





Ordnance Survey Office, Southampton, 19 07. 


GLOUCESTER AND THE SEVERN. 


We included this district among the localities we visited chiefly because of the evi- 
dence given before the Royal Commission on Salmon Fisheries to the effect that the 
sewage of the City of Gloucester, which is thrown into the Severn in an untreated condi- 
tion, acts deleteriously on the fishing industry by hindering the passage of salmon. 


The Severn Fishery District is a highly important one, the number of salmon taken 
in 1883 having been as high as 30,000, of a total weight of 389,760 lbs.—excluding the 
catches by rod and line. That, however, would appear from the statistics to have been 
a record year, before and after which the number of fish caught fluctuated very con- 
siderably ; and in recent years the average take has been much less; the Chairman of 
the Fishery Board stating in his evidence before the Royal Commission on Salmon Fisheries 
in 1900, that since 1890 the drop had been continuous, and that “we cannot get now 
above 15,000 fish.” 


This diminution he attributed mainly to the removal of water by the Liverpool 
Water Works at Vrynwy, which in his opinion has not only spoilt the breeding grounds 
of the salmon in the upper reaches of the river, but had doubled the capturing power of 
the nets, etc., lower down, and in addition had further acted injuriously by reducing 
the amount of flood water, more especially in summer freshets, thus preventing the fish 
from ascending the river by the fish passes in the different weirs, and also doing away to 
some extent with the flushing of the river, which formerly cleared out accumulations 
of polluting matters, thus accentuating the question of pollution. Concerning this latter 
point the Chairman of the Fishery Board regarded the pollution of the Severn by the 
Gloucester sewage as of special importance, not by killing salmon, but by causing them 
to turn back in the tideway, and to be netted out or captured below Gloucester—so pre- 
venting a sufficient number of fish from ascending the river and spawning: 


*% 6 * * * % *% *s % 2k 


Our visit to Gloucester was a very brief one, and we were only able to spend part 
of one day in examining the river (August 11th, 1904). Our thanks are due to the Citv 
Authorities and especially to Mr. E.S. Hartland, the Deputy Mayor, and Mr. Read, the 
City Surveyor, for their kindness in giving us all the information we required, and for 
making arrangements whereby we were enabled to make the best use possible of our 
time. A steamboat was placed at our disposal, which enabled us to inspect and examine 
the river, and Mr. Read, and Mr. Embrey, the City Analyst, kindly accompanied us on 
board. . 


Before describing the results of our observations we may give the following particulars. 
The Severn for some miles above Gloucester is a stream some 50 yards wide. About 
two miles as the crow flies above the city it divides at the “Upper Parting” into two 
divergent channels which are respectively called the “ Hastern Channel” or “ Gloucester 
River,” and the “ Western Channel” or “ Maisemore River.” The first of these is the 
narrower and more crooked, the second being broader and, relatively speaking, straight. 
The two branches again unite into a single stream at the “ Lower Parting” which is 
situated about a mile from the city in a westerly direction. The land enclosed by the 
two branches is called “ Alney Island.” 


Both the Eastern and Western Channels have a lock and weir. These latter, in the 
case of the Eastern Channel, are situated close to the city and about half a mile above 
the Lower Parting, while in the Western Channel they are placed less than a quarter 
of a mile below the Upper Parting. 


These locks and weirs form the limit of tidal influence for ordinary tides, but during 
springs, the tidal current flows over both weirs and affects the height of the river as far up 
as Tewkesbury which: is 16 miles above Gloucester. 


b) 


The phenomenon of the “‘ Bore”’ or tidal wave is well marked in the neighbourhood 
of Gloucester. This wave which at times reaches a height of 9 feet, and occurs regularly 
at spring tides, travels up the estuary and arriving at the Lower Parting passes chiefly up 
the Western Channel, and after shooting the weir there near the Upper Parting, is deflected 
backwards down the Eastern Channel, where it comes in contact with part of the wave 
which is ascending the same channel. 
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Gloucester is a port, connected with the sea by the Gloucester and Berkeley Ship 
Canal,16 miles inlength, which opens into Severn Estuary at Sharpness, which is situated 
about 14 miles, as the crow flies, from Gloucester. There isno lock between the entrance 
lock at Gloucester and the tidal basin at Sharpness. 


The rise and fall of the tide at Sharpness is at neaps 14 feet and at springs 30 feet. 


Any tide rising above 24 feet at Sharpness shoots the weirs at Gloucester and affects 
the river higher up. 


The population of Gloucester was in round numbers 48,000 at the last census. The 
water allowance per head is now about 20 gallons; thus giving about a million gallons 
as the daily dry weather sewage flow. This sewage we were informed is practically en- 
tirely of a domestic nature, and the city is virtually water closeted throughout. The 
sewage is discharged into the Severn (Hastern Channel) in an untreated condition, five- 
sixths of the total amount passing through a single outfall, which is situated about 340 
yards above the canal lock and 900 yards above the Llanthony lock and weir in the 
Eastern Channel. Here, however, it is enormously diluted, the dry weather flow in this 
branch of the river, amounting, we were informed, to about 300 million gallons per 
twenty-four hours. 


As the day of our visit to Gloucester happened to be that on which it was new 
moon, the tides were high and affected the river above the city. The actual rise 
at Sharpness was 26 feet 9 inches, and the tide flowed over the weirs into the upper 
river for one and a quarter hours, occasioning a rise of 2 feet 9 inches at Gloucester. This 
had dropped to 2 feet 4 inches when we started from the quay two hours later in the 
steamboat which had. been placed at our disposal by the City Authorities. 


Proceeding up stream we noticed that the water was brown and very turbid for a 
mile or two above Gloucester. This we were told was caused by the tidal disturbance, 
the “ bore” having passed up stream a few hours previously.* 


Further up stream the turbidity rapidly decreased, and about 6 miles above Gloucester 
the water was quite clear, and is, we were informed, considered to be fit for drinking 
purposes by the boatmen. 


During our trip on the steamboat the following determinations were made :— 


1. About 500 yards above Upper Parting. Time 12.15 p.m. Temperature 
of the water 19-4°C. 


Surface Sample.—Dissolved oxygen 6:84 c.c. per litre at N.T.P. Chlorine 
10-8 per 100,000. 


Bottom Sample (9 feet).—Dissolved oxygen 7:05 c¢.c. per litre at N.T.P. 
Chlorine 8°4 per 100,000, . 


2. About 6 miles above Gloucester. Time 12.45 p.m. Temperature of the 
water 19:4°C, 


Surface Sample.—Dissolved oxygen 6:97 ¢.c. per litre at N.T.P. 


3. Abreast of Llanthony Lock, about 200 yards below main outfall. Time 
2 p.m. Temperature of the water 19°2°C. 


Surface Sample.—Dissolved oxygen 4:89 c.c. per litre at N.T.P. 


Bottom Sample (3 feet).—Dissolved oxygen 4:74 c.c. per litre at N.T.P. 
Chlorine 8-0 per 100,000. 

a aa aT 
_ *“ Near Gloucester there is an island and the river divides itself into two branches. The Severn Com- 
missioners have found that the Severn brings up a great deal of mud, and in consequence of these freshets 
being discontinued from the Vrynwy, they find the accumulation of mud there becoming so serious to the 
navigation that they have to employ a particular eroder as they call it to sweep away the mud after these 
neap tides. This mud being swept away meets the ascending fish and turns them back.” Evidence of Mr. 

J. W. W. Bund, Royal Commission on Salmon Fisheries Report, Part IT., Q. 4616. 
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General Conclusions. 


_ While we were unable to make any exhaustive examination of the waters of the 
Severn in the neighbourhood of Gloucester, our observations on the amount of dissolved 
oxygen and of the general appearance of the river, such as they were, gave no indications 
that the discharge of the crude sewage from the city into the river is likely to act injuri- 
ously either hygienically or on the fishing industry. The flow of the river is so large in 
proportion to the pollution, that it seems improbable that a nuisance can arise at any 
time or that the dissolved oxygen can be so far reduced as to affect fish life. 


Regarding any possible effects of the Gloucester sewage on the passage of salmon ; 
it should be remarked that the weirs in both the Hastern and Western Channels are pro- 
vided with fish passes, so that a salmon either ascending or descending the river in the 
neighbourhood of Gloucester could avoid direct contact with the sewage by passing through. 
the Western Channel. It would, it is true, have to pass through a zone polluted to some 
extent at or below the Lower Parting, but the dilution of the sewage in this zone is so 
great even in periods of drought, if our information is correct, as to render it improbable 
that the fish would be affected to any appreciable extent. 
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SECTION 7k. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED. 


FALMOUTH AND NEIGHBOURHOOD. 








WEEE Indicates Oyster Layings 
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SCALE OF STATUTE MILES . 
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FALMOUTH AND NEIGHBOURHOOD. 


Falmouth is situated on an inlet of the English Channel, which in many respects 
resembles a Norwegian fiord or a Scotch firth. 


- The mouth of the inlet lies between Pendennis Point on the west and St. Anthony's 
Head on the east, and is rather more than a mile wide. A rocky obstruction called the 
Black Rock lies between these points, thus dividing the entrance into two channels, of 
which the eastern branch is both the broader and the deeper. 


Inside the entrance, the waterway extends for about 4 miles in a northerly direction 
and of an average width of about 1 mile. Part of this sheet of water consists of a deep 
channel which at first extends somewhat to the north-west, forming Carrick Road, then 
to the north-east forming Cross Road and a little higher up St. Just’s Pool, all of which 
furnish good anchorage for large ships. 


Various creeks which are often called rivers branch off from the main waterway. 
One of these extends from near the main entrance for a little over two miles in a north- 
westerly direction, the town of Falmouth being situated on an indentation on the southern 
side of this, while the town of Penryn forms its upper extremity. The creek between the 
latter and Flushing (a village opposite the north-west end of Falmouth) is called the 
“ Penryn River,” but no fresh water to speak of descends it. 


Another creek branches off on the eastern side of the main water way, the entrance 
of which forms St. Mawes Harbour, but above the town of St. Mawes it assumes a northerly 
direction as the Percuil River, with an easterly branch called Porth Creek, and terminates 
in Trethem Creek. 


Above the Falmouth and St. Mawes inlets two other creeks open out, which are 
nearly opposite each other and are situated about two miles to the north of the mouth 
of the main inlet. 


On the west is Mylor Creek which is about a mile in length, while on the east is St. 
Just’s creek, which is much shorter. Some # of a mile above Mylor, Restronguet Creek 
branches off on the west side and extends for about 4 milesin a north-westerly direction. 


At the northern end of the main inlet the waterway contracts to a width of about 
+ of a mile, forming the entrance to the River Fal, close to which spot two other small 
creeks are found on the west side, namely, Pill Creek and Channel Creek. 


The Fal extends for about a couple of miles in a northerly direction, but then 
divides into two branches, the main stream forming now the Truro River, while the 
Fal extends in an easterly or north-easterly direction to a series of creeks which form 
its origin. Its fresh water sources are mere streamlets running into the heads of these 
creeks, so that the Fal River is in reality a salt water stream. The Truro River a mile 
or so above its junction with the Fal also splits into two streams at the village of Malpas, 
the longer of which, called the Tresillian River, extends for about 3 miles ina north-easterly 
direction, while the shorter, called the Truro River, branches off to the north-west—the 
city of Truro being situated at the end of its tidal reach about 14 miles from Malpas. 
From the Truro River, about a mile below the city, the Calenick Creek extends in a 
westerly direction for some ? of a mile. 


From this description it is apparent that the main sea inlet at Falmouth forms an 
inland tidal pond into which drain a number of creeks or so-called rivers, the upper parts 
of which are virtually muddy reaches at low water. No considerable body of fresh 
water descends any of these creeks or rivers, so that any scouring action in removing 
accumulations of foul matters must depend upon tidal effects. But as Truro and Penryn 
are situated at the heads of their respective rivers or creeks, these effects are necessarily 
but slight ; while the town of Falmouth is in a bight where the water is shallow and the 
current tidal. 
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The hydrographic conditions of the locality are, therefore, of such a nature that 
the sewage from the three places just mentioned* (which are the most populous of the 
neighbourhood) is not thrown into a rapidly moving current, but tends to stagnate, and 
while nowhere causing—so far as we are aware—any direct nuisance, is calculated to 
produce indirect effects of the kind which we have described elsewhere in this report, 
such as the growth of green seaweeds. 


Our visit to Falmouth and its neighbourhood occupied three days, namely, August 
13th, 14th, and 15th, 1904, and here as at all the other places we visited the local author- 
ities did their best to assist us in the purposes of our inquiry. 


We are under special obligations in this respect to Mr. Tresidder, the Town Surveyor, 
who accompanied us on our tours of inspection to Truro and elsewhere, supplied us with 
the local information which we required, and devoted a large part of his time to us and 
the objects of our visit. 


We devoted the first day to an examination of the River Fal and the Truro River, and 
for this purpose we hired a steam launch. Starting in this from Falmouth, we found 
however, that owing to the state of the tide we could get no further than Malpas where, 
as already stated, the Turo river diverges from the Tresillian River. 


Leaving the boat at this place we drove to the city of Truro, and then walked back 
to Malpas, examining the stream on the way. 


We arrived at Truro at low water. Here the creek or river is about 100 yards wide, 

but at low tide it is dry, with the exception of a fresh water stream (the Allen River) 
about 25 feet wide and 6 to 8 inches deep, which passes through Truro and receives, we 
were informed, all the sewage of the city. The mud banks at the side of this stream 
below the quay were brown on the surface but black and very foul below. Owing to 
excavating work which was being carried on above the quay the water of this stream 
was quite black, but higher up it was fairly clear. It should be mentioned that the current 
was sluggish, the rate of flow being, perhaps, about a mile per hour. 


From Truro to Malpas the creek at low water consists of extensive mud flats through 
which the narrow fresh water stream flows in a zigzag direction. Calenick Creek forms 
a branch which extends for about a mile in a westerly direction and joins the main creek 
somewhat to the north of Malpas. The mud in these creeks is often 2 feet deep, and we 
had to engage a man to wade through it to collect samples of water for examination from 
the fresh water stream. For about a mile below Truro the mud is black and foul below 
the surface, but lower down it is clean, and the bed of the stream also clean and the water 
free from suspended matters. 


Green vegetation is very abundant below Truro and thence to Malpas, Ulva latossuma 
different varieties of Hnteromorpha, and also Zostera marina being present in quantity. 


Calenick Creek in especial seemed covered with green seaweeds, but as we could only 
examine it from a distance we are unable to say what species were present. 


The following determinations of dissolved oxygen in the water of the Truro Creek 
were made, but owing to the difficulty experienced in collecting the samples, and the 
adverse conditions under which the determinations were made, the latter are probably 
only approximately correct. They show at all events that there is evidence of sewage 
pollution for a considerable distance below Truro, which is also distinctly indicated both 
by the appearance of the mud and the growth of green seaweed in quantity. 


1. About 300 yards below the quay at Truro. Water turbid with some black 
suspended matter. Time 1.15 p.m. Temperature 18°8° C. 
Dissolved oxygen 4°62 c.c. per litre at N.T.P. 





? * The village or small town of Flushing, with two sewage outfalls on the shore, also contributes to the 
pollution. 


+ The localities from which the samples were collected are marked in the map by numbered circles. 
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2. Aboutamile below Truro. Stream about 40 feet wide and from 9 to 10 inches 
deep. Water turbid and similar to No.1 in appearance. Mud still black beneath 
the surface. Time 1.30 p.m. Temperature 20°4° C. 

Dissolved oxygen 3°75 ¢.c. per litre at N.T.P. 


3. About 14 miles below Truro. Mud not black beneath surface and bed of 
stream clean looking. Water now clear. Timel.45p.m. Temperature 20°6°C, 
Dissolved oxygen 3°98 c.c. per litre at N.T.P. 


4, Just above Malpas. Mud and water similar to 3. Time 2 p.m. 
Dissolved oxygen 5°91 c.c. per litre at N.T.P. 


FALMOUTH AND THE PENRYN RIVER. 


The question of the disposal of the sewage at Falmouth, Penryn, and Flushing, and 
the other towns and villages situated in the inlet is an important one more especially 
from two points of view. In the first place the town of Falmouth has become an important 
health resort in the winter, while during the summer it is a favourite watering place. 
In the second place the locality is the seat of an extensive oyster fishery. We were 
told that the main dredging grounds are situated between St. Mawes Point and 
Malpas, a stretch of water along which no towns are situated and which is, therefore, 
not subjected to any extensive or immediate sewage pollution. 


Sir Charles Petrie, however, in his evidence before this Commission* gives in the list 
of oyster “‘ beds,” “ layings,”’ and ‘“‘ ponds” in England and Wales the following as being 
situated at Falmouth :— 


St. Mawes Creek (Percuil River). 
St. Just Creek. 
Penryn River. 


While it is not within our province to discuss the question of shellfish in relation to sewage 
pollution, we may at least be permitted to remark that the conditions in the Penryn Rivert 
at all events are by no means ideal for the culture of oysters which shall be above sus- 
picion of sewage contamination, and we may incidentally mention that a boatman whom 
we had occasion to employ not only showed us oysters which he had taken from a spot 
quite close to a sewage outfall, the shells of which were blackened, but ate them in our 
presence, expressing surprise at our disinclination to do so ourselves. 


It seems difficult to persuade the humbler members of society who are engaged in 
collecting shellfish of the dangers of gathering the latter in obviously polluted localities, 
a fact which we have repeatedly noticed elsewhere. 


Regarding the disposal of the Falmouth sewage, we were officially informed that it is 
submitted to a process of chemical precipitation (lime and sulphate of alumina)f before 
discharge through the outfalls, of which there are two, one situated to the east of the town 
and close to the railway station and harbour (Arwenack outfall) discharging about one- 
third of the total effluent, the other at Market Strand, discharging the remainder (Market 
Strand outfall). The necessary precipitation tanks are situated at both outfalls and 
the solids are taken out to sea in barges. 


There is also a small outfall to the west of the town at Greenbank Quay from which 
crude sewage is discharged. It should be mentioned that the water is shallow in the 
neighbourhood of all the outfalls and that the tidal current 1s not a strong one. 


Green seaweeds are plentiful about Falmouth, abundance of Ulva latissuma and 
different species of Enteromorpha occurring all the way from Greenbank to the Market 
Strand outfall, and at the time of our visit the shore was covered with them from low 
water mark to about half tide level. Ulva latissima was specially abundant at the 
Market Strand outfall, and Mr. Tresidder informed us that this seaweed often accumu- 
lates along the foreshore and at times gives rise to a nuisance. 








* Third Report, p. 274. 

+ See also Dr. Houston’s report on this river in Vol. IL, the Supplement to the Fourth Report of this 
Commission, Vol. III., p. 132. : ; 

t Mr. Tresidder: has written to us as follows:—‘‘The use of sulphate of alumina for treating the 
Falmouth has beon stopped for some time, and at the date of your visit tne use of these chemicals had been 
considerably reduced.” 
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PENRYN AND THE PENRYN RIVER. 


The town of Penryn lies at the head of the Penryn River which, as already stated, is 
merely a salt water creek, but two fresh water streamlets flow in at the town itself. The 
creek is muddy during low tide at, and for some half mile below, the town. 


Penryn has a population of about 4,000 and the sewage is discharged into the creek 
in an untreated condition. : 


We rowed: from Falmouth to Penryn in a small boat, and, after landing, made the 
two following examinations of the water on our way back. 


1. Head of Penryn River. 

The water was discoloured and contained finely divided suspended matter. The 
surface was greasy, possibly from discharges from either the gas works or chemical factory 
which were close by. 

Time 12.25 p.m. Temperature 16°4° C. 


Chlorine - - ; eaheces - 18°4 per 1,000. 
Dissolved oxygen - - - - - 6°53 c.c. per litre at N.T.P. 


2. Midway between Penryn and Falmouth. 


The water still contained some suspended matter, but perhaps less than the first 
sample. Surface looked clean. 


Time 12.40 p.m. Temperature 16°4° C. 
Chlorine = Ne - - - - 19°46 per 1,000. 
Dissolved oxygen - : - . - 6°19 oc. per litre at N.T.P. 


It should be mentioned that a gale had been blowing from a north-westerly direction 
during the previous night with much rain, and there was a strong wind all the time we 
were in the boat. 


As we wished to examine the water and could only do so when the tide was in, we 
had no opportunity of examining the condition of the banks when exposed at low water. 


HELFORD RIvER. 
This is really a sea inlet like Falmouth Harbour, though much smaller. 
It extends inland for 5 or 6 miles in a westerly direction and branches off into several 


smaller creeks on both sides. Its mouth lies between 3 and 4 miles to the south (and a 
little to the west) of Falmouth. 


It is a seat of the oyster industry, and as no towns are situated on its banks there 
is no possibility of any extensive sewage pollution of its waters. 


Owing to the limited time at our disposal we were only able,to inspect the Helford 
River at Gweek, a village having a population of about 150 and situated near its upper 
extremity. — 


We reached this place by driving from Falmouth and arrived at low water. The 
creek here is about a quarter of a mile wide and consists of a mud flat. Green seaweeds 
were fairly abundant—Ulva latissima in isolated patches, but Hnteromorpha was plentiful. 


A sample of the water collected here contained 6-69 c.c. of dissolved oxygen at N.T.P. 
/ ) E. oh L. 
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SECTION 71. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED. 


SOUTHAMPTON. 
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SOUTHAMPTON. 


ESTUARIES OF THE Rivers Test AND ITCHEN, ALSO SOUTHAMPTON WATER. 


Southampton is situated between the rivers Test and Itchen and just at their junction. 
Both of these streams rise in Hampshire and have in each case a total length of between 
20 and 30 miles, but the Test is the longer of the two. Southampton Water, one of the 
finest harbours in the kingdom, forms the lower extremity of the joint estuary of the 
two rivers. It is a sheet of water which extends for about 6 miles in a south-easterly 
direction from Southampton to the Solent and has an average width of about ? of a mile 
At low water extensive mud banks are exposed more especially on the southern or western- 
side. The tides are somewhat peculiar in Southampton Water as there are two con- 
secutive high tides, the second of which occurs two and a half hours after the first, but 
there is only one corresponding low tide. The rise and fall amounts to 13 feet during 
spring tides and to 94 feet during neaps. ? 


The population of (the drainage area of) the town of Southampton is 112,000. The 
main bulk of the sewage (approximately 3,000,000 gallons per twenty-four hours dry 
weather flow) is discharged from one outfall into the river Itchen (after partial subsidence 
in tanks), while other though smaller outfalls are situated higher up the same river and 
one lower down. Virtually, therefore, all the sewage of the district is thrown into this 
river, the greater part being discharged during the ebb tide. The sewage is chiefly of 
a domestic nature, but several breweries and one or two small dye works discharge their 
trade effluents, into the sewers. 


~ 


Vistt TO SOUTHAMPTON AND DISTRICT. 


We visited this locality in August, 1904, and we desire to express our thanks to the 
Town Clerk and to Mr. Crowther, Engineer to the Corporation of Southampton, for their 
kind assistance, and to the Port Sanitary Authorities who were so good as to lend their 
steam launch for the purposes of our inspection and examination of the waters of the 
district. Starting in this launch with Mr. Crowther, who very kindly accompanied us 
and gave us the local information we required, we steamed up the river Itchen for about 
21 miles to Northam Bridge, which was as high as the boat could go at low water. This 
stretch of the river varies in width, at low water from about } of a mile near its mouth 
to some 200 yards at the place where we stopped. At Northam Bridge we collected 
and examined a sample of the water with the following results :— 


(1) River Itchen near Northam Bridge. 


August 20th, 1904. Time 11.10 a.m. (practically low tide). Temperature of the 
water 16°2° C. | 


Chlorine - - - - - 9:1 per 1,000. 
Dissolved oxygen - - : : - 4°74 ¢.c. per litre at N.T.P. 


The water was somewhat turbid, with patches of grease and floating matters on 
the surface ; otherwise clean looking. The launch was now turned and we proceeded 
down stream for a short distance when a second sample was collected and examined. 


~ (2) River Itchen 2 mile below Northam Bridge. 


Time 11.20. Temperature of the water 16°8° C. 


Chlorine - : - - - - 10°4 per 1,000. 
Dissolved oxygen - . : : - 4°68 c.c. per litre at N.T.P. 


Condition of the water much as before. Still proceeding down stream, the next sample 
were collected near the main sewage outiall. , 
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(3) River Itchen about 14 miles below Northam Bridge and about 100 yards above the main 
sewage outfall. 


Time 11.35 a.m. Temperature of the water 18°2° C. 


Chlorine - - - - - - 10°0 per 1,000. 
Dissolved oxygen - - - - - 4°33 c.c. per litre at N.T.P. 


(4) River Itchen about 100 yards below the main sewage outfall. 


Time 11.45 a.m. Temperature of the water 17°8° C. 


Chlorine : - . anes: - 11:0 per 1,000. 
Dissolved oxygen - - - - - 4°67 c.c. per litre at N.T.P. 


The water was discoloured but not exactly dirty. The bed of the river inshore was 
' evidently foul, and the launch’s propeller stirred up a good deal of black mud. . 


After making the above examinations of the water of the Itchen and noting, as far 
as possible, the condition of its shores, the nature and extent of the aquatic vegetation 
on the latter, etc., we steamed out of the Itchen and up the Test as far as the depth of 
the water would permit, which was about 3 miles above Southampton. Here a sample 
of the water was collected and examined. 


(5) River Test about 1 mile below the Village of Eling. — 


Time 12.45 p.m. (commencement of flood). Temperature of the water 18-2° C. 


Chlorine - - - - - - 8°48 per 1,000. ~ 
Dissolved oxygen - — - . - - 6°45 c.c. per litre at N.T.P. 


The water was turbid but not dirty and there was some scum on the surface. 
At this place we took the small boat and rowed as far as we could towards the shore on 
the southern side. We found it muddy and black below the surface. The mud was 
too deep to permit our landing. There was an abundance of green seaweeds, among 
which we identified Zostera marina, Enteromorpha intestinalis, and Ulva latissuma, but 
chiefly the latter, which occurred both rooted and in the detached condition, and the 
fronds were often large. 


The boat was now turned and we proceeded down the Southampton Water, stopping 
from time to time to collect and examine samples of the water. 


(6) River Test. Off the Royal Pier, Southampton. 


Time 1.25 p.m. Temperature of the water 19-2° C. 
Chlorine . - - - - - 16°0 per 1,000. 
Dissolved oxygen - . : . - 5°67 c.c. per litre at N.T.P. 


The water here was clean and clear. Near the pier green seaweeds were fairly abun- 
dant, but Zostera marina seemed more prevalent than the other varieties. 


(7) Southampton Water. Abreast of Netley about 2 miles below Southampton. 


Time 5.30 p.m. (nearly high water). Temperature of the water 18°4° C. 


Chlorine : - - : 2 - 19°6 per 1,000. 
Dissolved oxygen - - - -  ~- 5°64 c.c. per litre at N.T.P. 


f 
(8) Southampton Water at its junction with the Solent near Calshot Castle. 
Time 6.15 p.m. Temperature of the water 184° 0. 


Chlorine - - - - : - 19°61 per 1,000. 
Dissolved oxygen - : = : - 5°64 c.c. per litre at N.T.P. 
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The following is a summary of the examinations made of the waters of the Itchen, 
Test, and Southampton Water :— 


Temperature Chietine Dissolved Oxygen 








Where Sample was Collected. ne Water per 1,000. (c.c. per litre at 
Nodak 
RIveR ITCHEN. 
1. Just below Northam Bridge - : - - 16°2 9°10 4°74 
2. Three quarters of a mile below Northam Bridge 16°8 10°40 4°68 
3. 100 Yards above Main Sewage Outfall. - - 18:2 10:0 4°33 
4. 100 Yards below Main Sewage Outfall - - 17°8 11:0 4°67 
River TEST AND SOUTHAMPTON WATER. 
5, About 2 miles above Southampton- -~— - 18-2 8°48 6°45 
6. Off Royal Pier at Southampton — - : - 19°2 16:0 5°67 
7. Off Netley (about 2 miles below Southampton) 188 18°56 5°31 
8. Off Calshot (about 7 miles below Southampton) 18°64 19°61 5°64 











Regarding the above figures: in the Itchen, broadly speaking, all the samples were 
collected at low water, and at Northam Bridge the salinity for all practical purposes 
corresponded with a mixture of equal parts of fresh and sea water. 


At 16°C., one litre of fresh water saturated with air contains 7°06 c.c. of dissolved 
oxygen, and one litre of sea water, similarly saturated, contains 5°72 c.c. The mean 
of these figures is 6°39, whereas the amount of dissolved oxygen actually found was only 
4-74 c.c. which corresponds with 74 per cent. of the air saturation value. 


_ The other figures found for the dissolved oxygen in this river do not differ very con- 
siderably from this, but the slight decease in salinity coupled with the slight decrease in 
dissolved oxygen found in the third sample was in all probability caused by the sewage 
escaping from the main outfall. 


On the whole the results obtained indicate considerable pollution of the waters of this 
river. | 


The figures obtained with the samples taken from the Test and Southampton Water 
are very different. In the first of these which was collected in the Test about 2 miles 
above Southampton the salinity was much the same as, but a trifle below that of, the first 
sample examined in the Itchen. Broadly speaking, therefore, the water may be con- 
sidered as having been, like the latter, a mixture of equal volumes of sea and fresh water. 
But the dissolved oxygen which it contained was very different from that of the Itchen 
sample and corresponded with complete air saturation. 


The salinity of the next sample examined was quite different ; as might have been 
expected both on account of the incoming tide which had been flowing for about two 
hours, and also from the fact that the sample was collected some 2 miles nearer the sea 
than the preceding one. This salinity approaches that of sea water itself, and at the 
temperature found (19°C.) the air saturation value for the dissolved oxygen in sea water 
is 5°41 c.c. per litre, while the amount of dissolved oxygen found in the sample was 5-67. 
So that although there was a sudden drop in the dissolved oxygen of this sample con- 
trasted with that of the preceding one, it is accounted for by the increase in salinity, 
and in both cases the water was fully saturated with the gas. 


The results obtained with the remaining sample examined call for no special com- 
ment as the fluctuations in the dissolved oxygen are inconsiderable and in both cases 
indicate full air saturation. 
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General Impression of the Locality. 


In addition to examining the waters as described above, we devoted the greater part 
of another day to an inspection of the foreshores—more especially those of the Test which 


we examined when the tide was low. 


The shores of the Itchen are very muddy, and as far as could be judged more or 
less foul.* 


A fair amount of green seaweeds was seen, but not so much as in the Test. The 
Itchen has all the characteristics of a polluted stream.° 


Regarding the Test, both shores of the estuary both in the immediate neighbourhood 
of Southampton and for some miles higher up appeared very green, and this was specially 
noticeable on the western or southern side. But the foreshore on the Southampton 
side had very considerable deposits of both Ulva and Zostera at the time of our visit, not 
only quite close to the town, but also for some miles higher up. In fact an Ulva nuisance 
of some magnitude existed there, and we were informed that serious trouble had been 
caused by the seaweed from time to time, and that it had to be collected and carried by 
barges out to sea. 


We were further informed that another nuisance occurs annually of a rather singular 
nature, about the month of July, the water turning red and acquiring a peculiar odour. 
We had no means of ascertaining the cause of this. 








* « A considerable amount of mud-land surrounds the town, and in warm weather many persons object 
to the smell” (extract from answer to circular letter sent to Medical Officer of Health for Southampton). 
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SECTION 7. 


HXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED. 


TEIGNMOUTH. 
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TEIGNMOUTH. 


_ Teignmouth, as its name implies, is situated at the mouth of the river Teign, a stream 
which has its sources on Dartmoor and has a total length of some 30 miles. A few miles 
above Newton Abbot the Teign is joined by the Bovey which also rises on Dartmoor. 
The estuary of the Teign extends from Teignmouth to a little above Newton Abbot— 
a distance of about 6 miles. It varies in width from about one half to one quarter of a 
mile, and at low water consists of extensive sand and mud banks which are then uncovered 
through which the river flows in a number of tortuous channels and pools but in me 
upper part of the estuary is controlled to some extent by training walls. 


The actual mouth of the Teign is narrow, being only about 100 yards wide at low water. 
The tidal range during springs is about 13 feet, thus causing a rapid current at the mouth 
of the river. 


The town of Newton Abbot has a population of 16,951, and its sewage is discharged 
in an untreated condition into the upper end of the estuary where the waterway is narrow. 


The town of Teignmouth has a population about half as large (census 1901, 8,502 ; 
estimate for 1903, 8,540)—to which we were informed some 3,000 should be added for 
summer visitors—as the town is then a favourite watering place. ie 


The sewage of Teignmouth and Shaldon (which faces it) on the southern side of the 
estuary, is discharged in the crude state from six outfalls, three of which are situated on 
the Teignmouth and three on the Shaldon side of the estuary, and at all states of the tide, 
with the exception of the (30 inch) main Teignmouth outfall which is the largest and 
most important. It discharges only on the ebb (beginning one hour after high water and 
ceasing one and a half hours before low water). All the sewage is discharged within the 
estuary, and none into the actual sea. | 


It is stated by the Medical Officer of Health that complaints have been common in 
summer as to floating solids from these outfalls being deposited on the foreshore, and 
that further complaints have been made regarding bad smells proceeding from the out- 
falls. 


The Teign is a good fishing river and is under the control of the Teign Fishery 
Board. The net fishing is confined to the six miles or so of estuary, and in 1895 yielded 
2,547 salmon and 1,130 sea trout of a total weight of 27,540 lbs. That, however, appears 

.to have been an exceptional year, and probably the fishery was temporarily damaged 
then by over-netting, as the number of fish caught decreased considerably during the next 
three years. In the upper reaches of the river some seventy rod licenses are issued yearly. 
These upper reaches are subject to pollution from mines, and it is stated that the spawning 
grounds of the salmon are damaged by deposits from the china clay mines. 


_ The sewage pollution of the estuary by the towns of Newton Abbot and Teignmouth 
(but more particularly by the former where the estuary is narrow) has been stated to 
prevent the fish from ascending the river,* but so far as we can ascertain it has not been 
found to exercise any more deleterious action. 


We understand that Teignmouth is a centre of some importance for both cockles . 
and mussels, and were informed that £1,200 per annum is paid in wages to the 
gatherers of these shell fish. 


The Medical Officer of Health reported in 1904 that “all the local sewage outfalls are 
_ well on the seaward side of the shell fish beds, over which, however, the untreated sewage 
from the town of Newton Abbot and from a number of riparian villages flows in its 
passage towards the sea. There are important mussel beds in the river above Teignmouth, . 
the molluscs being laid there to fatten and ultimately finding their way into the London ~ 








* Evidence of the Clerk to the Teign Fishery Board—Roy. Com. on Salmon Fisheries Rep. Part I 
pp. 107 and 109. 
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and Midland markets. I have seen these prior to removal by train lying in bags in the 
river close to the main sewer outfall. Locally there is no undue prevalence of enteric 
fever, but scattered cases have been from time to time undoubtedly caused by mussels 
and cockles from the Teign as reported by me so long ago as 1893.” 


Green Seaweeds.—The same gentleman reported that Ulva latissima is plentiful, floats 
to and fro with the tide, and is often deposited in decomposing state upon the large sand 
bank in the centre of the harbour, known as the “Salty.” In late summer in 1895 an 


enormous quantity (250-300 tons) was washed into a hollow in the bar at the mouth of 


the river, and there lay decomposing for weeks. It caused great nuisance until buried 
in situ by the local authority.* 


We visited Teignmouth in August, 1904, and we are under obligations to both the 
Town Clerk and to Dr. Piggott, the Medical Officer of Health for the district, who very 
kindly gave us all the information and assistance we required in the objects of our inquiry. 
For the purpose of examining the estuary we hired a launch at Teignmouth, and as the 
estuary is shallow at low water and it was our object to examine it up to Newton Abbot, 
and as far as possible when the banks were uncovered, we started from Teignmouth at 
about half ebb, and after a quick run arrived in a narrow part of the channel about a 
quarter of a mile below Newton Abbot Bridge. 


Here a sample of the water was collected and examined with the following results :— 


2.40 p.m. Temperature of the water 16°2°C. 
Chlorine - - : - - 0°046 per 1,000. 
Dissolved oxygen - - - - 6°63 c.c. at N.T.P. per litre. 


The water contained finely divided solids in suspension. 


The launch was now turned and we proceeded down stream. A second sample of 
the water was collected 14 miles below Newton Abbot Bridge and examined with the 
following results :— 


2.50 p.m. Temperature of the water 16:2°C. 
Chlorine - - - . - - 1°52 per 1,000. 
Dissolved oxygen - _- -  - 6°48 ¢.c. per litre at N.T-P: 


As before the water contained finely divided solids in suspension. 


We next proceeded to Combe Cellars and much green seaweed was noticed on the 
way down on both banks of the channel. A landing was made at this place in order to 


more closely examine the green vegetation on the banks which here was present in quantity. . 


It was found to consist of both Ulva latissima and Enteromorpha intestinalis, both 
rooted and cast ashore. 


In places, and especially at the mouth of the small creek here, the shore was very 
muddy and the mud was black and foul beneath the surface. 


Again joining the launch, it was now necessary owing to the shallowness of the water 
and the rapidly falling tide to proced down stream quickly ; hence it was only possible 
to note the general condition of the mud and sand banks now exposed on both sides of 
the channel. Generally speaking these were green either from the presence on them of 


ee os enteromorpha, and probably of both, but it was not possible to examine them 
closely. 


__ Arriving at Teignmouth practically at low water, Dr. Piggott and the Town Clerk 
joined us and we examined the “ Salty,” which, as before stated, is an extensive sandbank 
in the estuary opposite Teignmouth, on which there is a circular depression or lagoon 
from which a spring of fresh water rises. : 


a ee ee a ee 


* See Appendix, p, 547, 


EE 





411 


Our attention was directed by Dr. Piggott to the fact that this water though pure 
at its source became rather strongly charged with sulphuretted hydrogen as it made its 
way through the sand. As a considerable quantity of ulva latissima was present on the 
sandbank, we suspected that the fouling of the water was caused by its decomposition, 
and on digging into the sand found our surmise to be correct, abundance of the seaweed 
being discovered in a putrid condition some distance beneath its surface. 


GENERAL IMPRESSION OF THE TEIGN Estuary. 


The waters of the estuary in and about the harbour are particularly clear and clean 
looking and maintain that character to within a short distance of Newton Abbot, when 
the estuary contracts to a stream some 40 to 50 yards wide, which we found at half ebb 
to consist of rather turbid fresh water containing about 94 per cent. of the dissolved 
oxygen corresponding with the air saturation value. 


There is thus abundance of dissolved oxygen for fish life even near the (presumably) 
most polluted reach of the river, nor did we see any indications that the sewage discharged 
into the estuary would be likely to affect the passage of salmonide. 


The estuary is remarkable for the extensive banks exposed at low tide—partly sand 
and partly mud—and on these banks very extensive growths and deposits of green sea- 
weeds occur. This is not surprising in view of the narrowness of the mouth of estuary 
and the considerable volume of sewage discharged into the estuary. 


HK. A. L. 
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SECTION 7n. 


EXAMINATION OF SELECTED LOCALITIES WHERE THE TIDAL WATERS 
ARE POLLUTED: 


CHICHESTER AND HARBOUR. 
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CHICHESTER AND HARBOUR. 


We included this locality in our tour of inspection, as our attention had been drawn 
to it by a Report issued by the Medical Officer of Health for the East Sussex County 
Council to the local Fisheries Committee with regard to the pollution of Tidal Fishing 
Waters by Sewage, the Report dealing with the condition of New Shoreham Harbour, the 
tidal Adur, and Chichester Harbour.* We shall take the liberty of quoting somewhat 
fully from this Report before describing our own observations on the locality. 


Foulerton’s instructions were :— 


“ To inspect, inquire, and report on the question whether the discharge of sewage into New Shoreham 
and Chichester Harbours respectively is, by the reason of the sewage or chemicals or otherwise, detrimental 
to sea fish or to sea fishing.” 


And he remarks that this was the first occasion on which a local Fisheries Committee 
had caused a thorough sanitary survey to be made of waters under their jurisdiction. 


“Chichester Harbour is situated partly in Sussex and partly in Hampshire, at the 
extreme west of the area which comes under the jurisdiction of the local Fisheries 
Committee. 


The Harbour includes the main Chichester Channel, which runs generally in a north- 
easterly direction from the mouth of the Harbour, and three other channels, which run 
generally in a northerly direction from the main channel, viz., Emsworth, Thorney, and 
Bosham Channels. . . . The head of Chichester Channel is situated to the west of 
the city of Chichester and close to the main road from Chichester to Havant. Here the 
Harbour comes into relation with the hamlet of Old Fishbourne in the rural district of 
Westbourne, and the village of New Fishbourne in the rural district of Westhampnett. 
It is believed that a certain amount of contamination of the Harbour water is caused 
by Old and New Fishbourne ; but in any case the pollution is not of such extent as to 
require special consideration in this Report, and it is understood that a sewering scheme 
for the two places is under. consideration. The whole of the southernmost bank of the 
Harbour is in the rural district of Westhampnett, and the following are the chief features 
of this bank which have to be mentioned in connection with this Report. 


Close to the head of the Harbour at Appledram are situated the sewage outfall works 
of the city of Chichester. A few yards below the outfall is the mouth of the Lavant 
Course, a stream which rises in the neighbourhood of West Dean and passes through the 
Lavant district and the city of Chichester in its course to the Harbour. Below Apple- 
dram is situated Dell Quay: here there are several drains opening on the foreshore, the 
mud of which is particularly foul. Lower down again a short distance below Copper 
Point are Birdham Creek and Birdham Mill, and the Harbour is here joined by the 
Chichester and Arundel Canal. 


Below Birdham Creek is West Itchenor, situated a little above the pomt at which 
Bosham Channel opens on the opposite bank. There does not appear to be any source of 
pollution here. From West Itchenor down to the mouth of the Harbour there are but 
a few isolated dwelling houses within a near distance of the water, and it is believed that 
there is no source of serious pollution in the neighbourhood. 


The western bank of the Harbour, including the whole length of Emsworth Channel, 
is formed by the east shore of Hayling Island, a portion of the rural district of Havant. 
To the west of the mouth of the Harbour is situated the village of South Hayling, in the 
neighbourhood of which are the layings and storage ponds of the Ham and Sea Salter 
Oyster Company. A careful inspection of the locality failed to show the presence of 
any possible source of pollution here. : : 


In Gutner Creek, situated some little distance up the east shore oi the island, are some 
small private oyster layings: I have not inspected these, but I understand that there 
are no sources of pollution in their immediate neighbourhood. 


* Report by Alexander G. R. Foulerton, F.R.C.S., &c., issued October, 1903. 
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Towards the north Emsworth Channel reaches the town of Emsworth, from which 
place, together with an adjoining part of the rural district of Westbourne, gross pollution 
of the Harbour water arises. It is probable that but little contamination arises from 
either Thorney Island between Emsworth and Thorney Channel, or from the parish of 
Chidham, between Thorney and Bosham Channels. 


Bosham village is situated on the east bank of Bosham Channel, about 13 miles 
above the point where it joins the main channel. Bosham is a source of pollution of 
the water, but to-an insignificant extent as compared with the town of Emsworth. On. 
the east bank of the channel below Bosham there are a few farm buildings which possibly 
send a small amount of dirty water into the harbour ; and on the west bank close to the 
mouth of the channel and to the Bosham Deep oyster layings there is Cobnor House, 
which, however, does not appear to discharge anything directly into the water. 


The northernmost bank of the Harbour beyond Bosham Channel lies in the rural 
district of Westbourne, and does not present any outfalls of consequence. . 


From what has preceded it will have been seen that the three chief causes of 
pollution of the Harbour are :— . | page i ee A 


(1) The outfall works of the City of Chichester at Appledram. — 


(2) The crude sewage discharged from Emsworth and the adjoining part of 
the Wesbourne rural district. ; 


(3) Sewage discharged into the harbour from Bosham.” 


Foulerton next goes on to speak of the disposal of the sewage from Chichester City, 
some of which before 1895 was discharged into the Harbour in an untreated condition 
by way of the Lavant Course. From that date till 1901 the sewage was treated by 
chemical precipitation and land irrigation. : 


But in 1901 Lord Giffard took action to obtain an injunction against the Cor- 
poration of Chichester to prevent the continuance of a nuisance alleged to be caused 
by the discharge of an imperfectly purified effluent into the Harbour, and also to recover 
damages. After a hearing of considerable length in the King’s Bench Division, the 
injunction was granted and the plaintiff awarded nominal damages. gt eee 


After some delay the improvement of the outfall works was taken in hand and at 
the time of our visit (August, 1904) the purification plant was in full operation. We 
shall describe it presently. ) 


Regarding the sewage of Bosham, Foulerton gives the following particulars :— 
Population in 1901, 1,149; inhabited houses, 273; the sewage from most of which is 
disposed of in cess pits. A few of the houses, however, discharge their privies on to the 
foreshore and a number of pipe drains discharge slop water in the same way. He also 
gives the following particulars regarding Emsworth, situated in the urban district of 
Warblington. This district at the census of 1901 had a population of 3,639 and of these’ 
about 1,600 resided at Emsworth. Regarding this place he says :— . 


“ Emsworth is. provided with two main sewers, which discharge at points to the east 
and west of the foreshore and between the two outfalls are placed the storage ponds from 
which came the oysters which were alleged to have been the cause of the outbreaks of 
typhoid fever at Southampton and Portsmouth last autumn. The sewers convey slop 
water, surface water, and the overflow of numerous cess pits.” 


The next point dealt with in Foulerton’s Report is the extent to which the tidal 
iene is polluted by sewage, more especially along the main Chichester and Bosham 
1annels. Sth | ft 


_ As we have not outselves had the opportunity of making a detailed examination 
of the tidal waters of this locality and as Foulerton’s results are of considerable interest 
not only in relation to the waters of Chichester Harbour but also in connection with the 
question of the pollution of tidal waters generally, and with our own observations made 
elsewhere on the same~subject, we take the liberty of reproducing the Table given in 
his report, with a few trifling alterations inthe manner-of-expressing the results so as.to- 
bring them into uniformity with similar tables given-elsewhere in this Report. | 
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Foulerton refers to these figures in some detail when considering the question of 
sewage contamination in its special relations to the oyster industry, but as that question 
has not been included in the sphere of our Report we shall merely state that he 
classifies the samples of the water from the Chichester and Bosham Channels as follows :— 


Seriously contaminated.—All the samples taken off the Chichester sewage outfa'l 
(Nos. 1, 2 and 3); the sample taken off Dell Quay (No. 4); two of the samples taken 
off Copper Point (Nos. 5 and 6); the sample taken at Birdham Creek (No. 8) ; one of the 
samples taken below West Itchenor (No. 9); one of the samples taken close to Bosham 
Village (No. 14); and one of the samples taken off Bosham Deep Layings (No. 20). 


. Suspicious.—One taken below West Itchenor (No. 10) ; the sample taken over Rudder 
Rock layings (No. 13) ; and one of the samples taken over Bosham Deep layings (No. 19). 


Pure.—One sample taken off Copper Point (No. 7); two samples taken below West 
Itchenor (Nos. 11 and 12); three samples taken close to Bosham Village (Nos. 15, 16 and 
17); and one sample taken over Bosham Deep layings (No. 18). 


Foulerton does not state the chemical or bacteriological standard upon which the 
above classification was based, but all the samples containing B. colz are to be found in the 
seriously contaminated list*, as well as three others not containing that organism, of which 
the purest contained 0°011 of nitrogen as free ammonia and 0° 041 of nitrogen as albumenoid 
ammonia (No. 14). On the other hand, in the list of pure samples, one appears (No. 16) 
which contains as much as 0°010 of nitrogen as free ammonia with 0°020 of nitrogen as 
albumenoid ammonia. Ae gpbgting ig 


pacer 


ae | 


An interesting section of Foulerton’s Report deals with the condition of the fishing 
industry generally in Chichester Harbour with special reference to the influence of con- 
tamination of the tidal water by sewage, but as we have already referred to this in the 
cection of this Report on the pollution of water in relation to its effects on fish (pp. 203-204), 
it will be sufficient to state here that flounders and eels have, he says, deserted the upper 
end of the Chichester Channel, and that in his opinion this has probably been brought 
about by the fouling of the bed of the harbour—owing partly to the former imperfect 
method of disposing of the Chichester sewage and partly to the decomposition of a species 
of seaweed locally called “slob.”’ In concluding that part of his report, Foulerton advises 
the Local Fisheries Committee “that whatever damage may have been done in the past 
to the fishing industry by the discharge of imperfectly purified sewage into the harbour 
from the Chichester outfall works, the system which is at present being carried out is the 
best that is possible under the circumstances, short of a system of sewers to carry the 
sewage out to sea. The expense involved in the latter procedure would be practically 
prohibitive, and I am confident that if the new system now being carried out is efficiently 
supervised, as there is every reason to believe that it will be, any possible injury to fishing 
will be reduced to a minimum: in fact, I believe that no injury whatever will be caused.” 


VISIT TO CHICHESTER. i cae 


Our own visit to Chichester was made on the 22nd of August, 1904, and we desire to 
express our thanks to the Town Clerk and his assistant, to the City Surveyor and to Mr. 
John Saunders, the manager of the sewage works, for their kindness in showing us over 
the works, and affording us all the information and assistance that we required. 


We are indebted to them for the following particulars : 


The population of the city of Chichester was according to the last census (1901) 
12,244, having increased from 10,808 at the census of 1891. 


The city has a public water supply (thirty-five to forty gallons per head) and is sewered. 


The normal flow ofsew age is estimated at 400,000 gallons, but owing to the low- 
lying situation of the town the sewers are frequently covered with subsoil water and at 
times are flooded. The maximum amount of sewage and subsoil water passing during 
twenty-four hours to the outfall works may be taken as 3,000,000 gallons, and from 
November to March the average is probably about 2,500,000 gallons. 





* Although in one of these (No. 6) mere traces of free ammonia were found, 
6225--Ap. VI. Ba Las hd at 
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' 'The sewage is not entirely domestic, as there is a large brewery in the city and also 
a large tannery, the effluent from the latter being troublesome to deal with satisfactorily. 


At the Outfall Works the sewage is treated with alumina ferric and milk ot 
lime. The normal flow and up to 1,125,000 gallons after being thus clarified is 
submitted to a “sprinkling” process—the beds being composed of graded shingle. 
In addition to the sprinkler installation, there is a set of storm-water contact beds 
capable of dealing with the same volume as the sprinkler, thus providing altogether 
for the treatment of 2,250,000 gallons. Any excess above that can be dealt with on land. 


The treated effluent passes through an iron pipe across a field and discharges into 
a small creek forming the outlet of a brook called the “ Lavant Course ”’ which is inter- 
mittent, depending for its flow on subsoil water. The discharge of the effluent ceases 
about 14 hours before the tide commences to rise at the outlet. 


Having inspected the Outfall Works we visited the foreshore (at low tide) at the point 
where the effluent is discharged, and found it very muddy and the mud very foul below 
the surface. 


The combined effluent and water from the brook, flow along a narrow channel 3 to 4 
yards wide (at low water) for a distance of 200 to 300 yards and are there joined (at 
low water) by a fresh-water stream coming from an old mill. 


We found very considerable quantities of Ulva latissoma on the mud all about the 
outfall, but owing to the depth of this mud it was not possible for us to examine the extent 
of these deposits of sea weed. But sufficient was seen to render it more than probable 
that a serious nuisance must often occur, and it seems very probable that such nuisance 
in the past has been attributed directly to sewage. As far as could be judged by the eye 
Ulva was present all about the upper reaches of the Chichester Channel. Very little 
Enteromorpha was seen except in the Lavant brook where a fair quantity was found growing. 


We next visited Dell Quay, the port of Chichester, and the highest point in the channel 
which small coasting vessels can reach. 


Here we found a good deal of Hnteromorpha of different kinds on the foreshore and. 
some Ulva, but by no means so much of the latter as in the neighbourhood of the outfall. 
It should be mentioned that dry Zostera marina was also found on the shore, both here 
and near the outfall, but was not seen growing. 


In connection with these seaweeds we may quote the following passage from 
Foulerton’s Report :— 


“The mud is, however, only derived in part from sewage, as there is in the Harbour a very large 
quantity of seaweed, which contributes considerably to the fouling of the stream. From the decomposition 
of this seaweed a certain amount of nuisance arises because of an offensive smell; and it may be of some 
interest to add, this offensive smell does not arise principally from the decomposition of that species of sea- 
weed, which is locally known as ‘slob,’ but is probably caused by the decomposition of another kind of 
seaweed, known locally as ‘ cabbage,’ which is present in the Harbour in much smaller quantities than the 
slob. I have kept quantities of ‘slob’ and of ‘cabbage’ in sea water under conditions favourable to decom- 
position, and I find that the decomposition of the former is not accompanied by any. particularly offensive 
odour, while the decomposition of ‘ cabbage’ results in the evolution of extremely offensive gases, among 
which is sulphuretted hydrogen.” . 

From our inquiries on the spot “‘ cabbage”’ would appear to be Ulva latissima, but the 
identity of “ slob,” or as we also heard it termed “slub,” could not be established. An 
old man resident at Dell Quay seemed to think that any kind of seaweed was ** slub,”’ 
but what the assistant Town Clerk had been given to understand.as.“‘slub”’ was, 
according to the sample produced, a variety of Enteromorpha. Our researches on green 
seaweeds have, however, shown that the latter may be quite as offensive when it 
putrefies in sea water as Ulva,* so that it is possible that “slub” or “slob” is 
Zostera marina.t y 


Unfortunately only a few hours were available for our visit to Chichester Harbour, 
and the sole examination we could make of the water was the determination of the dis- 
solved oxygen. This we did at the outfall, in the fresh water stream a little above it, 
and at Dell Quay, when the following results were obtained. 

* See Section 6. ; 


+ Since writing the above Dr. Foulerton has kindly sent us samples of “slob,” which we find to, be 
Enteromorpha intestinalis. 
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Dissolved Oxygen 


No. Where Sample was Collected. Time. State of Tide. (c.c. per Litre 
at N.T.P.) 
1 | At outfall just beyond sence of effluent 
with Lavant Brook _ - me Bite 2.30 p.m. Late Ebb 5:07 
2 | Freshwater stream from old mill above 
outfall - ~ - - - - F208 3, + 7°89 
3 | DellQuay’ - - - - - - £30", i 7°80 


Unfortunately we had forgotten to bring a thermometer, but the dissolved oxygen 
found in the fresh water stream above Dell Quay corresponds with the air saturation 
value for a temperature of 11°C., whereas the actual temperature was probably higher. 
It is quite possible that the high proportion of oxygen found may have been due to the 
action of Ulva, as we have had | occasion to notice such an effect elsewhere. 


H. A. L. 

































2 , * . ws : 
ad . 
hoon _ eee Se Wee a eae Tae Jeripecees 
==" hee ue eae ae hee eee’, ae sate eG: = 
Wie seh? DSH ESee 7 Mis ' aes 
? apr yt <P ete ef a po ae etie per f ct ngthg ' ne 
a9 Pie A yee na ol ot ARIE Nope ee Saeco 
sl f ce A se 
H (he CES eS ee MTR a8, a 
Pe if an ih uf ere ren Ney : 
ate i) het i 
cere wi ut ARE tae 
Fa ps Go bg 
H if 
4 2. “a ir 
, : rf , ie, | \ tl : AE rt; uid hire 
¥ : 
iF } i? i Aas wee A sul Peay: ve 
acc DR Oe : Sati 
[ fyi anes et et ae, ; 
M gers me Fo 
f « » 
gS ii 7 BT Hs ge .f) F 
se a arousal a 
. Ne 
“4 co 
. 
ae 
® 
te align, 
oe 
‘ity iF : = ae 
r Wwe tater. bt’ gle 
fs ‘ « 
or, eS es ia ie 
a Lae AM thigh li wi 
4 ere : ; ie a6 
ey cy) gue seul Se = 
lig: aw - = " aX 
: es a 
. : _ 7 7 
ee ope”, . ; 
. ' ai a ee : ‘ 
* Ry ‘ aS ane “> Oe ESR am ot 


‘eis eis ae thathcaeg . 
: et > oe nests Lee io‘ 
sf Riad 


a 


hb ~ we So eT bf ar ain 
is TIT Tak Real ee 


7 






















als ae fe ate ite CAS Gee Le eee Hid Spee’ 
intent yen) med (hci ae vatraly Gadberile oi iad: - 
Baus. Thiel ed Nerve heey: u ut Pe 4essid eases, Thi — 


+ . a, 


ede MF AERO Te we O24 : , Aue oF sez Wer te a " re 


ian +! in Mew tire 4s rt: —S. 
" ate ine pra oF a | sf 
b for faGaay iy As ut tale f cee? 
Tags: er ee a or ys her i asi itt > 
God: ast Pee eeror ir Sr ae Cah Lm  * ‘ rm oi 

a meee the ic Seedty) st . 
Mi aetrie: SMAI Aisi xhstl, ° : Be 
4 
Bie rons: Br sib abs otestee’ § | } = 
: GENERAL CONCLUSIONS. ia 
uF oe UTA OTRO a, F pet i | 
. an Matt: ise Bie, ; ; fs 


' : ‘sail ot 
a aes ; a 
Paaeouiant Bol ait * 

pe ay | 7) ae coh ae a Re 

. * 3 ‘ 

; : re) fits ne retin. : r ita 
. A ‘ a. \ 9 a mi. 
° = 5 * . | - : eee 


ppb: Wha are aj aa ys > HF : ar i ae { usr j pe. 
abe eine mee exert nce parte facta. when ! “antes eal ee 
7 ei ey f ie Deena - 
a re Apia lew, <>? scan ih he | j . i ‘i i “s Bil heHth 4, ‘ - 
BEES A LPT ALIS Bhai 9 RL : hei Geo De? foe a 
las Matis: Wh ure ot sete bs hak OMudatd i torre +h a) 43 
* : 


er ' : * - %, f tt 








- | 
Sere. Cie “iteter DYE oF Chie Semoeial st - Niggas @eaaesiihe Oh aes 






Ramee? Pani, We O'R Opel ee ee ort von he oe fe. Chay 
j Payette. Dae nisi Che Gb Tie Ho TASheN wees et riGhe lots | 


‘ re ake ache gta a i a % od 


shit detziiis,, sain end sat hia’y bb carn ihe ang me ce. 
inidiesk * ater esd — ; 


a] 
phe wlan hs iy) emer 2 


4 













w 


: v () i 


wy FO4OY ng 


‘ 


sy rd pies t 
is "a 
" rey FL} 
; en) ane «ye 
| Eng 
: anes ve net © 
a Egon hea ne 









a E 
a a3 
. 
: 
p - 
f 
‘ Re Pat 4 or gay 
i 
road Be baie Soke. ‘ 
ey 
“IS 
1 
ve 
4 f 
ri i +A] ay > 
: 1 
Py s 
‘ Pa | ah Aon, 
- x 
F Ey es 
“ h cap is 
Lok ge 
J ; 
; ; 
— 
pS. F 
2 ,iA’ y & 
A mes 
: EE; 5 
aan 
‘ 
4 
. bie | 
I 
. - ee 
. 
me 


ac 


' 





CONts 33 eee # ne era 


425 
GENERAL CONCLUSIONS. 


In framing our conclusions we desire to state that we have approached the subject 
entirely from the chemical and general points of view, and that the purely bacteriological 
aspects of the different questions involved have been left out of consideration. These 
latter are, no doubt, of very great importance, but we feel that they can only be done 
justice to by experts in the subject. 


When, therefore, we use such expressions as “ practically innocuous,” etc., it will 
be understood that we do not mean that the tidal water in question is necessarily free 
from bacteria of an undesirable sort, but only innocuous from the chemical and general 
points of view. It is specially important to note this fact in connection with shell-fish. 


It seems scarcely necessary to observe that in all cases of the discharge of sewage into 
tidal waters there are three factors of paramount importance, namely, the composition 
of the sewage, its amount, and the volume of tidal water available for dilution, and that 
the last depends not only upon the extent of the waterway, but also on the rapidity of 
the currents. 


As regards the composition of the sewage it is obvious that the greater the concentra- 
tion the more harmful are the possible effects. But of all the constituents of sewage 
there are good grounds for believing that in all ordinary cases the solids in suspension 
cause the most injurious results in tidal waters, since they not only foul the bed on which 
they become deposited, but act more or less as constant sources of pollution to the whole 
body of water flowing over them, thus leading to de-aeration. We have given several 
instances” of the evils which they cause. 


It seems advisable roughly to classify the solid matters of sewage thus :— 


(1) Floating solids such as fresh feces, corks, straw, and other vegetable 
refuse, grease, matches, etc. 


_ (2) Heavy solids. 
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(3) Light flocculent solids. 
The following remarks may be made regarding each of these :— 
(1) Floating Solids. 


The floating matters which are always to be found in town sewage, with the exception 
of fresh faeces, probably do not exert any harmful effects when discharged into tidal 
streams. Still they give rise to unpleasant looking accumulations along the foreshore 
adjacent to, or in the neighbourhood of outfalls when inshore winds prevail for any length 
of time. As it is possible to remove them without serious difficulty from the sewage by 
means of screens before its discharge, we are of opinion that this should be done in all 
cases. 


(2) Heavy Solids. 
When sewage remains at rest, the greater proportion of the suspended solids subside 


in a comparatively short time,} and in our opinion it is these “ heavy solids” as they 
may be called which are often the chief cause of the permanent mischief which follows 


from the discharge of crude sewage into tidal waters. 


These solids together with road detritus, sand and silt may be carried a certain dis- 
tance by strong currents, but are deposited in slack water. 


* 


* See pp. 111-116. 

+ In special experiments carried out at Leeds on this point, it was found that nearly 70 per cent. of thte 
total insoluble solids of crude sewage are deposited in one hour. (City of Leeds. Report on Experiments 
on Sewage Disposal. 1905. p. 17.) 
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In this way foul sludge banks are formed, which in all conditions of weather and tide 
remain in a state of putrefactive fermentation, and from which masses of foul mud charged 
with easily oxydisable substances, such as ferrous sulphide, are often detached and floated 
up by the gases generated within them, and these masses becoming disseminated through 
the water cause its rapid de-aeration, as shown in the case of the tidal portion of the River 
Liffey.* 


In connection with the heavy sewage solids we were much impressed by the effects 
produced by the removal merely of the road detritus from the sewage of Pembroke and 
Rathmines (two of the Dublin townships) before discharge from the outtall, the result 
being that the bed of the Liffey Estuary slightly below this point showed not even traces 
of. fouling.t 


Partly in consequence of the above considerations, as well as from the replies to the 
circular letter to medical officers of health of tidal localities (see Appendix I.), and also 
from our own investigations, we have formed the opinion that unless the tidal currents 
are exceptionally strong, and the volume of tidal water available for diluting the sewage 
is large in a given locality, the heavy solids of sewage and trade wastes should not be 
allowed to be discharged into tidal waters. 


We do not think that regulations requiring the removal of floating solids and of 
heavy solids from sewage before discharge of the liquid matters would impose any un- 
reasonable hardship upon local authorities, since both classes of solids could be sufficiently 
removed by means of suitable subsidence tanks, and screens. 


(3) Flocculent Solid Matters. 


These matters are so light that, when discharged into tidal currents even of moderate 
strength, they are easily carried away by them; they are moreover rapidly comminuted 
by the action of the waters, and become disseminated as minute particles in suspension 
through them; and they do not form objectionable deposits anywhere. No doubt they 
are eventually oxydised. 


Furthermore, when the sewage is passed through screens and subsidence tanks, 
a large proportion of them is separated with the heavy matters. Consequently the 
paiticles which are finally discharged with the liquid sewage may usually be neglected, 
except when the tidal conditions in the neighbourhood of the outfall are unfavourable. 


It may be well to note here that when the sewage is passed into subsidence tanks 
for the purpose of removing the heavy solids, it is necessary that it should be impounded 
for as short a time as possible, consistent with efficient settlement, otherwise the liquid 
matters may become putrefactive, and then when they mix with tHe tidal waters they 
will reduce the aeration of the latter too quickly. From our own observations, it would 
appear that a period of six hours suffices for sedimentation without inducing appreciable 
putrefaction in our climate.t 


___As regards the quantity of liquid sewage matters which may be discharged into a 
tidal water, it depends upon a number of factors; the volume of tidal water available 
for dilution, the strength, the direction and turbulence of the currents, the position of 
the outfall and its proximity or otherwise to open water, and the state of the tide during 
discharge, whether during ebb only, or during both ebb and flood. It will be convenient 
to consider these factors separately, and we will deal with the position of outfalls first. 


POSITION OF OUTFALLS. 


Although this is an engineering question, we may perhaps be allowed to point out 
that it is of fundamental importance, and from our experience and observation we doubt 
whether, in some instances, it has received the amount of attention and study beforehand 
which its importance should demand.§ 


* See pp. 283-302. 
+ See pp. 275-279. : 
{ Sez pp. 181-182. 


__§ It has been suggested to us by a friend who is an engineer of long experience, that a good. preliminary 
guide to the fixing of the position of a proposed outfall, before making detailed observations as to the strength 
of the tidal currents, etc., is the condition of the shore near the proposed site. Forit may be taken asa 


fairly safe general rule, he says, that where a clean beach is found, the conditions are unfavourable to the 
deposition of sewage or other solids. 





i — ———— 


427 


We are convinced that no outfall should be permitted which discharges crude sewage 
at such a point that at low tide the sewage flows either on to a stripped foreshore or 
into slack water. 


CLASSIFICATION OF TIDAL WATERS. 


As already pointed out, tidal waters may be roughly divided into three classes in 
relation to their capability of satisfactorily disposing of sewage matters cast into them : 
the first being of such nature as to dispose with complete safety of all sewage matters : 
the second being capable of dealing with the liquid constituents and light flocculent solids 
of the sewage only: while in the case of the third, some treatment of the sewage (beyond 
mere sedimentation)—unless it be in comparatively small quantity—must be resorted 
to before discharge. 


A more exact definition may perhaps be given as follows :— 


Class 1.—May include tidal waters, the currents of which are sufficiently strong to 
ransport all sewage matters discharged into them, including all suspended matters, and 
so widely to distribute them as to render them practically innocuous before change of 
tide. 


Class 2.—May include tidal waters, the currents of which can transport the liquid 
sewage matter and flocculent solids (not heavy solids) discharged into them, and so widely 
to distribute them as to cause sufficient dilution to render them practically innocuous 
before change of tide. 


Class 3.—Includes all other tidal waters which are not so favourably circumstanced, 


Only those tidal waters with exceptionally strong currents and with comparatively 
large volumes of tidal water available for dilution can be placed in the first class, since 
the currents must be strong enough to transport the heavy solids some distance away 
from the outfall, or to wash them thoroughly from adhering sewage matters before they 
can subside to the bottom, and still more widely to distribute the lighter solids and liquid 
sewage matters so as to dilute them sufficiently to render them innocuous before being 
carried back by the return of the tide. 


When so diluted the sewage matters undergo fermentative change so slowly that 
they exert no appreciable reducing effect upon the aeration of the water with which they 
become mixed. 


In many cases the question whether a tidal water should be placed in the first or 
second class must depend upon the volume of sewage daily to be discharged into it. At 
Newport,* Monmouthshire, for instance, we found that although all the crude sewage 
was being discharged into the River Usk at all states of the tide and was apparently 
being satisfactorily disposed of in that way, still there was evidence to indicate that the 
quantity of crude sewage had nearly reached the maximum limit allowable, and that it 
would in all probability be found in future that it would be necessary first to separate 
the solid matters, or possibly to restrict the discharge to the ebb tide, in the event of the 
quantity of sewage becoming materially increased with the growth of the town. 


In like manner there are some tidal waters so favourably circumstanced for the dis- 
posal of liquid sewage matters, although not so for heavy solid matters, that there can be 
no doubt as to their being placed in the second class, for example, the deep water channel 
of the Estuary of the Liffey. While in other cases it must depend upon the volume of 
sewage discharged, whether they be placed in the second or third class. 


MaxImMuM QUANTITIES OF SEWAGE DISCHARGEABLE INTO TIDAL WATERS 
WITHIN LIMITS OF SAFETY. 


A number of experiments have been described (in Section 1) as to this, which show 
that the dissolved oxygen in mixtures of sea or fresh water with from 1 to 5 per cent. of 
the liquid matters of ordinary town sewage } is not completely absorbed when the mixtures 
are kept out of contact with the air for forty-eight hours at ordinary temperatures. 





-* See pp. 383-388. | 
+ It should be noted that by “liquid sewage matters” crude sewage is meant from which all suspended 
solids, except colloidal substances, have been removed by screening and subsidence. 
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" It must, however, be recollected that in polluted waters freely exposed to air, side. 
by side with de-aeration (caused by the polluting matters present), re-aeration (from the 
atmosphere) occurs, and that the maximum rate of re-aeration from our experiments 
would appear to be 2°5 c.c. of oxygen per litre of water per forty-eight hours under calm 
weather conditions when the tidal water is composed of about equal proportions of sea 
and fresh water, and at a slightly greater rate with larger proportions of sea water. 


It may, therefore, be assumed, we think, with some confidence that fresh liquid 
sewage may be safely discharged into third class tidal waters to an extent which shall 
not exceed at any time 5 per cent. of the diluting water except within a few yards of the 
outfall, where it might be slightly greater. 


If the sewage to be disposed of materially exceeds this proportion, it ought to be 
submitted to purification by means of contact beds or percolating filters. 


Larger proportions of sewage may obviously be discharged into tidal waters of the 
first and second classes, especially when the discharge is limited to the ebb tide. But. 
we do not think that the quantity should exceed 10 to 15 per cent. of the tidal waters 
with which it becomes mixed under calm weather conditions, except in the immediate 
neighbourhood of the outfall. 


It must be remembered that we do not mean by the expression “‘ diluting water,” the 
entire flow of river and tidal water, but simply those portions of them with which the 
liquid sewage matters become mixed by the time they have reached a reasonable distance 
below the outfall, in calm, dry weather. In the discussion of the question of standards, 
which will be found in Section 1, pp. 91 to 96, it is suggested that 200 yards should be 
taken as a reasonable distance from the outfall ; and it is shown that in the case of an 
existing outfall, the relative volumes of liquid sewage from it, and of the “‘ diluting water ” - 
with which it becomes mixed, be ascertained without difficulty by suitable methods, 
within this range in calm weather. 


In the case, however, in which an outfall does not exist, but a site for one 1s pro- 
poses, the diluting power of the waters maybe roughly gauged by discharging into them 
a strong solution of eosin, or of other suitable colouring matter, near the selected position, 
in calm weather, and collecting samples along the path taken by them. The degree of 
dilution of the colouring matter in these samples may be approximately estimated by 
comparing them with dilutions of the original solution of known strength. 


If it be impracticable to estimate the probable volume of “ diluting water ” in this, 
or in any other way, and it becomes necessary roughly to calculate the capacity of given 
tidal river to deal with a given sewage, from its entire flow compared with that of the 
sewage, then the proportion of 5 per cent. of liquid sewage as above suggested as an allow- 
able limit, would be too high; it should not, in our opinion, be allowed to exceed 1 per 
cent. of the entire flow at low water, unless, of course, the sewage be more thoroughly 
purified than is possible by simple subsidence and screening. 


KFFECTS OF THE DiscHarRGE OF SEWAGE INTO TrpAL WarTers on FisH (Pisces). 


No case has come under our own notice of any injury caused to sea fish, or the sea 
fishing industry, by the discharge of sewage into tidal waters, and we question whether 
such injury is ever likely to occur to a serious extent.* 


But on the other hand there can be no question that extensive damage has been done 
to the migratory Salmonid@ in the estuaries of certain rivers by the discharge into these 
latter of either crude or imperfectly purified sewage. 


It is probable that in such cases the damage is chiefly due to de-aeration. Serious 
damage may also be caused by sewage solid matters being brought down in a state of 
putrefaction by freshets from the upper reaches of highly polluted rivers to tidal waters, 
as was pointed out when describing the River Ouse in the neighbourhood of its junction 
with its tributaries the Aire and Don, and just above the Humber. 





* As already stated (p. 203) Foulerton came to the conclusion that formerly the flounder fishing had 
been damaged in Chichester Harbour by the discharge of the imperfectly purified sewage from Chichester. 
He however states that the foul mud which formed deposits in the upper part of the channel and destroyed 
the breeding grounds, was in part derived from decaying seaweed. 
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Such a state of affairs must be seriously prejudicial to the ascent of salmon, and we 
see no reason why it should be allowed to continue. 


For it is not only possible but comparatively speaking easy to treat sewage in such 
a way that the solid matters may at least be removed before the discharge of the sewage 
into rivers. This being the case, we are of the opinion that a very great improvement 
can eventually be effected in the condition of our more polluted salmon rivers; and we 
are under the impression that in some of these—the Ribble and some of its tributaries, 
for instance—the improvement has already commenced. 


STANDARDS OF IMPURITY. 


The effects possibly produced by the pollution of tidal waters by sewage and trade 
wastes, may, we think, be classified as follows :— 


1. Injury to navigable channels by the formation of deposits which have to be removed 
from time to time by dredging. 


2. Injury to fish and the fishing industry, by the introduction of substances into the 
water which are either toxic to fish, or deprive it of dissolved oxygen. 


3. Production of nuisances, which may be :— 


a.—Of a general kind in the esthetic sense arising from such causes as 
unpleasant smells, unsightly deposits, such as foul mud banks, etc., and inter- 
ference with the pleasure of bathing. | 


6.—Of a general kind in the public health sense, caused by the inhalation 
of foul gases, and possibly in other ways. 


c.—Of a definite kind in the public health sense by the diffusion of the 
specific organisms of certain diseases, of which typhoid fever is probably the 
most important, and this more particularly, but by no means entirely in con- 
nection with the contamination of shell fish. 


d.—Indirect, but also of importance from the public health point of view, 
by the growth and subsequent decay of certain green seaweeds. 


It is obvious that standards based on general and chemical grounds which might 
reasonably be applied in 2, 3a., and probably 30. also, would by no means necessarily 
meet the cases of 3c. or 3d. 


3c. involves questions mainly of a bacteriological character, and as already stated 
we do not profess to be in a position to deal with them. It seems evident from the first 
section of this Report that standards formulated with the view of regulating the discharge 
of sewage and trade washes into tidal waters in order to avoid the possible effects men- 
tioned above, with the exception of 1, 3c., and 3d., must be based on some form 
of aeration test. This subject has already been discussed as fully as our present knowledge 
has permitted.* Much work has yet to be done, however, before the question of standards 
can possibly be regarded as definitely settled. But the standards which have been sug- 
gested are based upon the most accurate information so far obtainable, and we believe 
that they will form a satisfactory basis, not only for the guidance of local authorities 
and professional men, but also for further investigation. It need scarcely be pointed out 
that the standards must vary at least to some degree for every locality if local authorities, 
on the one hand, are to be allowed to take every legitimate advantage of the favourable 
conditions which their tidal waters may present for the disposal of the sewage of their 
localities, and if, on the other hand, the interests of the public health and of fish life are 
to be safeguarded. 


Regarding 1, and the extent to which the suspended solids should be removed from 
sewage prior to its discharge into tidal waters, we have already expressed our views 
(see pp. 425-426). 


Regarding 3d. we append a special paragraph. 


* We may specially note that one of the chief difficulties which has hitherto stood in the way of formu- 
lating standards, viz., the want of a precise and simple method for determining the rate and total absorption 
of atmospheric oxygen by a given sewage, or sewage effluent, has been entirely surmounted. We have de- 
described a method (see pp. 101-105) which is capable of effecting these determinations with accuracy, and ina 
simple manner. 


430 


AVOIDANCE OF NUISANCES CAUSED BY CERTAIN GREEN SEAWEEDS, 
AND INDIRECTLY BY SEWAGE. 


Abundant evidence has been given in this Report* to show that an extensive nuisance 
has occurred in several tidal localities from the growth in large quantity and subsequent 
decay of certain green seaweeds, of which Ulva Latissima is the most important, and also 
that this growth is caused by the pollution of the water by sewage. | 


The question as to how such a nuisance can best be avoided has also been discussed 
at some length in this Report,} and it has been shown that the main objects to be aimed 
at are: (1) The removal of free ammonia from the sewage; (2) the separation of the 
sewage solids, which slowly evolve ammonia when submerged in water; and (3) the 
avoidance as far as possible during the purifying processes of the formation of nitrates, 
or, as an alternative, their destruction. . . 


And it is further shown that these objects are best attained by the following three 
consecutive operations :— | 


First Stage.-—Removal of road detritus (by catch-pits), gross solids (by screening). 
and the greater portion of the suspended solids (by sedimentation). 


It is possible that from two-thirds to three-quarters of the total of the above men- 
tioned solids will be got rid of by the process named, and that the effect in relation to the 
ammonia will be a purification of 17 to 20 per cent. 


Second Stage—Treatment of the sedimented sewage by sprinkling filters, followed. 
by a brief period of sedimentation. This brings about: (a) The removal of the remainder 
of the suspended solids ; (6) the removal of free ammonia ; (c¢) the production of nitrates, 


It is somewhat difficult to give a definite statement as to the degree of purification 
to be expected from this method of treatment, but the mean of all the different experiments 
made shows a total ofabout 70 percent. . 


Third Stage.—Treatment by denitrefication. This will probably induce a further 
purification of 10 to 12 per cent., or a total of 80 to 82 per cent. of those factors, namely, 
ammonia and nitrate, which contribute to the growth of the seaweeds. 


Whether any or all of these operations may be necessary in a given locality must 
depend upon the magnitude of the nuisance, and the particular conditions existing in the 
locality. 


Thus at Belfast, where the nuisance has for years past been of a very acute and ex- 
tensive nature and as a consequence the city is under statutory obligations to purify 
its sewage to the satisfaction of the Local Government Board, one of us has felt it to be 
his duty to advise that all three operations shall be carried out, in spite of the heavy cost 
of the purifying plant. | 


But in other localities where the nuisance is less extensive it might be more economical 
to resort to the first operation only, namely sedimentation, and to remove the deposits 
of seaweed as they are washed ashore. 


We should like to repeat, in drawing our Report to a conclusion, that we have en- 
deavoured to make it as complete as possible, so that it shall be a useful statement of our 
present knowledge of the pollution of tidal waters for the information of the Rivers Boards 
which the Commission has recommended in their Third Report (1903) should be established, 
together with a Central Body for controlling the discharge of sewage into waterways. 


We should also like to repeat that there are still many questions in connection with 
the pollution of tidal waters which require investigation, and to point out that this will 
probably prove to be of a very laborious nature. It need scarcely be contended that the 
precise formulation and enforcement of standards, such as we have suggested, must of 


necessity be referred to specially constituted authorities of the kind recommended by 


the Commission. 


W. E. ADENEY. 
E. A. Letts. 





* See Section on Nuisances caused by Green Seaweeds, pp. 141-168. 1 ie 
+ See Section on the Effects of Different Methods of Sewage Purification, pp. 171-197. | 
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ADDENDUM TO SECTION 1. 


THE RELATIVE CAPACITIES OF FRESH WATER AND OF SEA WATER 
TO BEAR POLLUTION WITHIN LIMITS OF FOULING. 
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ADDENDUM TO SECTION 1. 





THe RELATIVE CAPACITIES OF FRESH WATER AND OF SEA WATER TO BEAR POLLUTION 
WITHIN Limits or Foutina. 


Much uncertainty appears to exist on this subject at the present time. At first 
sight it would seem safe to assume that fresh water must possess an advantage over sea 
water as regards the capacity of bearing pollution without being fouled, since it can hold 
a decidedly larger quantity of oxygen in solution than sea water, temperature for tempera- 
ture. But against this must be considered the property which sea water has been found 
to possess of more rapidly transmitting dissolved atmospheric gases from the surface 
exposed to the air in a vertical direction downwards than fresh water.* There is, more- 
over, no certainty that water bacteria would be equally active in fresh water and in water 
containing so much saline matter as sea water. On the contrary Purvis and Coleman 
believe from observations which they have made that sea water exerts a very marked 
retarding effect on nitrogen fermentation ; + while in America it appears to have become 
accepted that it has an accelerating effect upon carbon fermentations. 


The impression that over-polluted sea water becomes much more offensive than 
over-polluted fresh water also seems to be widespread. 


(a) The Relative Rates of Absorption of Dissolved Oxygen by Sewage Matters in Fresh Water 
and in Sea Water. 


Such experiments as have been made in connection with this question appear to 
indicate that the rate of fermentative changes in sewage matters, and consequently the 
rate of absorption of dissolved oxygen by them, is very considerably influenced by the 
character of the waters with which they become mixed, and it has been concluded from 
them that sea water exercises an accelerating effect upon the carbon-oxidation stage 
of fermentation of the sewage matters, and a retarding influence on the subsequent nitro- 
gen-oxidation stage, as compared with fresh water. 


The experiments referred to have not, however, been sufficiently numerous, nor ex- 
tended in scope, to warrant very definite conclusions to be drawn from them. The methods 
of study employed in them are, moreover, open to criticism. The subject is obviously 
one of great importance in connection with the problem of the protection of tidal waterways 
from over pollution, and requires a much more extended investigation than has so far been 


given to it. 


We have made a few experiments on the subject by means of the modification of the 
aeration method which will be found described in Section 1, p. 103, of this Report. We 
give a description of these experiments, and of the results obtained, in the succeeding 
paragraphs. They do not, it will be found, support the conclusion just given. ‘Time 
unfortunately has not permitted us making an exhaustive study of the subject. 


An average sample of sewage was collected from the main sewer of Belfast on 
November 29th last, and immediately forwarded to Dublin in a completely filled bottle. 
On the next day it was opened and mixed with a little magnesium hydroxide to fix the free 
carbon dioxide, and allowed to stand for a short time. It was then decanted from the 
heavier solids. Portions of the decanted liquid, immediately aiter being well stirred, 
were mixed with distilled water and with sea water§ in proportions of 20 per cent., and 
1,000 c.c. of each mixture were put into a 1,500 c.c. fermentation flask attached to a 
standard pressure flask of similar capacity, as described in Section 1, p. 103. 1,000 c.c. 





* See Section 1, of this Report, pp. 56-66. : ‘ 
+ The Influence of Sea Water on the Decomposition of Sewage, Journ. Royal Sanitary Institute, 1906, 


p. 433. See also Dr. Fowler’s “‘ Observations on the Effect of the Discharge of Septic Tank Sludge into a 
Tidal Estuary,”’ Appendix to this Report, p. 555. Mh BY mon . 
+ See the Report by the Charles River Dam Committee upon the advisability and feasibility of build- 
ing a dam across the Charles River at or near Craigie Bridge. Boston: Wright and Botter Printing Company. 
§ The sea water was collected in Dublin Bay. It had been kept in a large glass-stoppered bottle for 
some time previous to use in these experiments. It contained 1,970 parts chlorine per 100,000. 
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of the undiluted sewage were also put up in a fermentation flask attached to standard pres- 
sure flask. The three fermentation flasks with their attached pressure flasks were put into a 
mechanical shaker, and their contents kept gently shaken, and maintained at temperatures 
from 15° C. to 18° C. The volume of oxygen absorbed from the atmosphere of each 
fermentation flask was from time to time determined by replacing it with a known volume 
of oxygen, in the manner described on p. 104. The results obtained are recorded in the 
following table :— ? . 


TaBLE A.—The Rate of Absorption of Dissolved Oxygen by Sewage and by Mixtures of the same Sewage 
with Sea Water and with Distilled Water, in Proportions of 20 per cent., when kept, enclosed with 
an excess of Air, in Fermentation bottles at 15° to 18°C., and in gentle motion (Adeney). 


Nots.—The Free Carbon Dioxide in the Sewage and in the Mixtures was fixed by the addition of 
Magnesium Hydroxide. The Volumes of Oxygen are expressed in cc. at N.T.P. per 1,000 ce. of Sewage or 
Mixture. 


ee Se ae 


Mixtures of 20% Sewage with— 























Sewage. 
preh lk Pa Sea Water. Fresh Water. 
Total oxygen ipmesen or | Lotal oxygen poreen Total ae ees be A: 
absorbed. 24 hee absorbed. |* OL el absorbed. O4 ee 
GGA Wencdiot= ried Gane vetoes 

Ist day 515 B15 5:8 5:8 5:8 5:8 

2nd day 86°5 35°0 14:9 pol 15:9 10:1 

3rd day 106°6 20°1 19:8 4°9 20°4 4:5 

4th day 1154 8 6 22-7 3:9 949 45 

5th day 1197 » A3 24:3 16 25°9 1:0 

6th day 1232 3°5 25°9 1:6 26°95 0°6 

7th day 126°4 32 27°4 15 27°4 0-9 

8th day 129°7 3°3 28°5 ie 28°5 peu 
10th day 1361 3:2, 30°2 0-9 30°3 0:9 
16th day 148°8 21 34:2 0-7 34°3 0-7 
19th day 155°8 2°3 36°3 0-7 35°6 0°5 
26th day LCS 33 41°5 0-7 42°4 0-9 
29th day 181-7 15 43°4 1:0 46°9 15 
34th day Loa 3°1 48°1 0-9 54:1 1-4 
42nd day 232°0 4-4 58:0 1:2 61:5 0:9 
47th day _- — 61:9 0:8 64:7 0-4 
48th day 2544 3°7 —- — = — 
53rd day 263°8 1:9 — — — — 











The foregoing figures show that the rates of absorption of oxygen by the polluting 
matters in the two mixtures were substantially the same. They varied slightly during 
the course of fermentation, the rate being alternately a little more rapid, first in the fresh 
water mixture, and then in the sea water mixture. But after the seventh day they 
became similar and remained so up to the twenty-sixth day, when they again varied to 
a slight extent, until at the conclusion of the experiment the volume of oxygen absorbed 
by the polluting matters in the sea water and fresh water amounted in all.to 61°9 ¢.c., 
and 64:7 ¢.c., oxygen per litre, respectively, at the initial temperature and pressure that 
occurred at the commencement of the experiments. 


According to the principle of the method of experimenting, the composition of the 
gases of the atmospheres in the fermentation flasks at the conclusion of the experiments 
should be similar to that at the commencement, allowing for experimental errors, and 
in order to check this point, the volume and composition of the gases in the atmosphere 
of each fermentation bottle were determined at the commencement and at the conclusion 
of the experiments. The volumes were as follows, calculated to O°.C., and 760 mm. bar :— 
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= Sewage Bottle. Sea Water Bottle. | Fresh Water Bottle. 
At commencement— =a os ist: 
Total volume of gases - : 4453 419°8 . 441°2 
Carbon dioxide - - - 0:0 0:0 0-0 
Oxygen - - - - - - 93°5 88-2 92°7 
Nitrogen - - - - - 351°8 331°8 348°5 
At conclusion— 
Total volume of gases - . - 442°2 418°6 440-2 
Carbon dioxide - - - 0:0 0-0 0-0 
Oxygen - - - - - - 86-4 84:5 88:8 
Nitrogen - - = - - - 355°8 334°] 351°4 








These results are as concordant as could be expected considering the experimental 
errors attending such measurements. 


It will be observed from them that, at the conclusion of the experiments, the volumes 
of oxygen had slightly decreased, but that those of nitrogen had increased to nearly 
equivalent degrees. The increase of nitrogen in each case may be ascribed to the fact 
that the oxygen which was passed into the fermentation bottles from time to time to re- 
plenish that which was absorbed, contained small quantities of nitrogen. This would 
give rise to an equivalent decrease in the oxygen. Thus the increase of nitrogen and the 
greater part of the decrease of oxygen may be accounted for ; one compensates the other, 
and they do not, therefore, appreciably affect the final results obtained. 


A further slight loss of oxygen in the atmosphere of these bottles was also to be 
anticipated from the employment of indiarubber corks in making the necessary fittings to 
the bottles. But care was taken to use corks of the same size, so that the effect on the 
atmospheres of the fermentation bottles would neutralise their effect on the atmospheres 
in the pressure bottles.* 


The atmosphere of one of the pressure bottles employed in the above experiment 
was carefully examined to ascertain the exact loss of oxygen it had suffered. The loss 
was found to amount to 3:0 c.c. after the bottle had been in use for forty-seven days. 


As regards the character of the fermentations that went on during the experiments 
recorded in Table A, it is shown by the succeeding Table B, that both the carbon and 
nitrogen stages of fermentation had been completed in the mixtures by the time the ex- 
periments were stopped, and nearly so in the undiluted sewage. 


TasBLE B.—Nitrogen Compounds in the Mixtures employed for the Experiments recorded in TaBLE B, 
expressed in parts per 100,000. 




















vane Rey J Sea Water Fresh Water 
5 Mixture. Mixture. 
At commencement— 
Nitrogen as ammonia - - 0825 0-165 0-165 
Nitrogen as nitrites - : - - 0-0 0:00 0:00 
Nitrogen as nitrates - - - - 0:0 0-01 0-01 
Organic nitrogen - - - 0°675 0°135 0°135 
At conclusion— 
| Nitrogen as ammonia - - - 0-02 0:0 0:0 
Nitrogen as nitrites - - - 0-0 0-14 0-0 
Nitrogen as nitrates - - : 5 0-92 0-0 0-142 
Organic nitrogen —- seh - 0-5 0-072 0-076 














* Since these experiments were made, it has been found that ordinary corks, previously soaked in 
melted paraffin may with advantage be substituted for india rubber corks. 
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For the reasons given in Section 1 of this Report, p. 44, it will be seen that the volume 
of oxygen absorbed during the nitrous and nitric fermentation in the respective mixtures 
may be calculated from the following equations :-— 

(1) 2NH, + 30,=N,0; + 3H,0. 
(2) 2NH, + 40,=N,0, + 3H,0. 


The quantities of nitrous and nitric nitrogen which were found in the two mixtures 
are given in Table B, they were 0°14 and 0°142 parts per 100,000 respectively. These 
amounts are respectively equivalent to 3°4 c.c. and 4°5 c.c. oxygen, according to the 
above equations. If then the nitrogen fermentation in the sea water mixture had been 
wholly nitric instead of nitrous, the volume of oxygen it would have absorbed would have 
been increased by 1°1 ¢.c., and this would have brought the total volume up to 63:0 c.c. 
When this is compared with the volume absorbed by the fresh water mixture, viz., 64°7, 
it must be admitted that both during fermentation and on completion ofthe fermentation, 
the volumes of oxygen absorbed were so nearly alike that they may be taken for all prac- 
tical purposes as similar. 


The results of these particular experiments show that the conclusion put forward by 
the chemist to the Charles River Dam Committee,* viz., that the dissolved oxygen dis- 
appears very much more rapidly in mixtures of sewage and salt water than in mixtures 
of the same sewage, and of similar strength, with fresh water, cannot be taken as having 
been generally proved. On the contrary, they show that there was no practical difference 
in the rate of carbon fermentation in the sewage matters employed, whether they were 
mixed with fresh or with sea water. They also show that, under the particular conditions 
of these experiments, there was no marked retardation of nitrification in the sea water, 
as compared with that in the fresh water. The only difference shown by the two mixtures 
was that in the fresh water the nitrogen fermentation was wholly nitric, while in the 
sea water it was wholly nitrous. As already stated, Purvis and Coleman have published 
the results of some experiments, from which they have concluded that sea water exerts 
a retarding effect upon nitrification. They however employed quite an exceptionally 
strong sewage for their experiments, and it is possible that the retardation which they 
noticed was due rather to this fact than to the effect of the sea water. 


The experiments which are recorded in Table A., may however be objected to on the 
ground that the addition of magnesium hydroxide introduces a disturbing factor in the 
question, In order to meet this objection, a second series of experiments, precisely similar 
in every respect, except that the employment of magnesium hydroxide was avoided, was 
made with a fresh sample of Dublin sewage. The following results were obtained :— 
TaBLE C.—Rate of Absorption of Dissolved Oxygen by Sewage and by Mixtures of the same Sewage with 


Sea Water and with Distilled Water, in proportion of 20 per cent., when kept enclosed with an excess 
of Air in Fermentation Flasks at 15° to 18° C., and in gentle motion (Adeney). 


Notre.—No precautions were taken to fix free Carbon Dioxide by the addition of Magnesium Hydroxide. 











Mixtures of 20 % Sewage with— 














Sewage. a 
wal dt Sea Water. Fresh Water. 
| Total oxygen reeeeeue Total oxygen Oxygen instal oxygen Oxygen 
absorbed, | #user ed per id rl absorbed per nackte absorbed per 

24 hrs. : 24 hrs. 7) ; 24 hrs. 
At end of— c.c, gua he” Gere ft > nee sl Gn er CC. 
Ist day - - 26°5 + 26°5 12:2 12:2 9°5 9°5 
2nd_,, - - 37:0 10°5 16-0 3°8 12:0 2°5 
Oey, - - 42°3 5:3 17°5 15 13°5 15 
4th ,, - - 47°8 55 18-9 1-4 14°6 isl 
5th ,, - - 50°8 3°0 20-2 1:3 15:5 0-9 
Gtho oe . - 53:1 2°3 21-3 }*1 167 1:2 
ith, Pn 55:8 2-7 224 11 17-6 0-9 
8th -,; - - 58-0 2:2 23°6 13> 18:7 1+} 
10th ,,_ - - 62°2 21 25:1 0°8 20°3 08 
1Sthricas - - 66:1 2°0 26°3 . 0°6 21°5 06 
20th ,, - - 76°8 1:2 28:2 Q-2 25°8 0:5 





* Ibid., pp. 77 and 270. 
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On determining the volume of the gases left in each fermentation bottle at the con- 
clusion of these experiments, and analysing a portion of them, the following results were 
obtained :— 











<I Sewage Bottle. Sea Water Bottle. | Fresh Water Bottle. 
Cc. Cu é.€, 
Total volume of gases” - - - - 410°6 430°4 4149 
Carbon dioxide - - - - - 17°4 3:2 5:2 
Oxygen - - - - - - - 67°6 86-0 80°4 
Nitrogen - - - - - - - 333°5 343°3 332°3 








It will be seen from these results that carbon dioxide was present in the atmosphere 
of each bottle, and that it must be corrected for in estimating the true absorption of oxy- 
gen by the polluted waters. The corrected volumes of oxygen absorbed by the sewage, 
and by the two mixtures are :— 


Sewage - - - - - - - - - - - 94:°2-¢.¢. 
Sea water mixture - - - - - - - - oj Biliprtecs ,, 
Fresh water mixture - - - - - - - - mt), ae Oa 


These last figures show that the average rate of absorption of oxygen at the end of the 
20th day of observation was practically similar in the two mixtures. The figures for the 
first two days indicate a rate in favour of the sea water, but they cannot be taken as 
correctly indicating the relative rates of absorption in the two mixtures during that period, 
since they are possibly masked by unequal evolution of carbon dioxide from the two 
mixtures into the respective atmospheres enclosed with them in the fermentation bottles. 
This is probable, because the fresh water employed in these experiments was exceedingly 
soit, namely, distilled water, and therefore, unlike the sea water, contained practically no 
saline matters with which the carbon dioxide in the sewage could form bi-carbonates. 


After the second day, when no doubt an equilibrium had been established .between 
the tension of the carbon dioxide in the atmsophere and in solution in each fermentation 
bottle, the rate of absorption of oxygen appears to have been practically equal, and it was 
no doubt so, since the evolution of carbon dioxide irom the two mixtures into their respec- 
tive atmospheres would be similar under the conditions of the experiments, after the 
above equilibrium had once been established, so long as the rate of absorption of oxygen | 
was equal in the two mixtures. 


It must be concluded from the two foregoing series of experiments that the rates of 
carbon fermentation and of nitrogen fermentation in sewage matters employed were 
practically unaffected, whether the sewage matters were mixed with sea water or with 
fresh water, and kept under the given conditions, and at temperatures between 15° and 
18° C.; and that also the rates of absorption of oxygen by the sewage matters were 


similarly unaffected. 


It cannot be taken as generally proved, therefore, that fresh water possesses ‘any 
superiority over sea water in its capacity of bearing pollution within limits of fouling. It. 
is true that fresh water can hold 20 per cent. more oxygen in solution than can sea water, 
temperature for temperature, under natural conditions, but against this must be considered 
the fact that dissolved oxygen is transmitted through de-aerated sea water, from the 
surface downwards, about three times more quickly than through de-aerated fresh 


water.* 
(b) Comparative Offensiveness of Over-polluted Sea Water and Fresh Water. 


It has already been remarked that there seems to be a widespread impression that 
the odours from over-polluted sea water are more offensive than those from over-polluted 
fresh water. This impression is probably well-founded, since sulphides, and possibly 
organic sulphur compounds, are formed in sea water, when over-polluted by the reduction 
of its sulphates.t We have not, however, observed any offensiveness from sea water when 
polluted within limits of fouling, that is, so long as dissolved oxygen is present in it; 
any more than we have from fresh water, when pollutedwithin similarly restricted limits, 


A ge 





* Section 1, p. 63, Nos. 8, 9 and 10. 
t See p. 120. 
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2, INFLUENCE OF DILUTION ON THE RATE OF ABSORPTION OF OXYGEN By SEWAGE 
MATTERS. 


The results of the experiments with the undiluted sewages, which are recorded in 
Tables A, B, and C, have not so far been referred to in detail. They were included 
with the other results recorded in same tables because they afford some evidence on the 
question of the influence of dilution on the rate of absorption of oxygen by sewage matters. 
This question has already been dealt with to some extent in Section 1 of this Report, p. 72 
and 74, and it has been shown that, when after dilution the proportion of sewage matters 
becomes small, from 10 to 5 per cent., it exerts a retarding effect on the rate of absorption ; 
but that when after dilution the proportion is larger, from 10 to 20 per cent., it does not 
appreciably affect the rate of absorption, at least during the first twenty-four hours, 
and when the supply of oxygen is limited to that dissolved in the mixture of water and 
sewage. 


The experiments recorded in Table A show very clearly however, that when the 
proportion of sewage remains large after dilution, 20 per cent. in these experiments, and 
when both the undiluted and diluted sewage matters are kept in gentle motion in contact 
with a large supply of air, the rate of absorption of oxygen by the sewage matters is very 
distinctly retarded by dilution for a short time, but that subsequently the retardation is 
not in proportion to the dilution. 


Thus the experiments with the undiluted sewage show that the absorption of oxygen 
by it at the end of the first day was nearly ten times greater than in either mixture. At 
the end of the third day, however, it was only four times greater, and during the succeeding 
days it was only from two to three times greater, and that finally the fermentation of 
the diluted sewage matters was completed in a shorter time than that of the undiluted 
sewage matters. 


3. IMPROVED Form or APPARATUS FOR OBSERVING THE RATE oF ABSORPTION OF 
OxYGEN BY POLLUTED WATERS. 


Further experience with the simple modification of the aeration method which will 
be found described in Section 1, p. 101, has led to a considerable modification and simpli- 
fication of the apparatus employed. The form now used by the author is shown by the 
accompanying diagram. * 





The bottles A. and B. are two flat and shallow bottles of similar capacity. Hach 
bottle is fitted with an ordinary cork previously soaked in melted paraffin. Through the 
cork of A. passes a capillary glass tube to the bottom of the bottle. This tube is 





* See Scientific Proceedings of the Royal Dublin Society, Vol. XL, 1908. 
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continued above the cork by a graduated one of wider bore, the upper end of which is 
enlarged to a small bulb, a1, and then bent downwards as shown in the diagram, and 
continued downwards until it passes through the cork of the second bottle B, at b; it is 
furnished with a glass stopcock, b1, just above the cork of B. By means of this connecting 
tube, aa, and stopcock, communication between the two bottles can be opened or closed 
at will, The cork of the bottle A is also fitted with a short tube and stopcock, a2. The 
cork to the bottle B is likewise furnished with a second tube and stopcock 62. It is a 
capillary tube and passes to the bottom of the bottle. 


To work the apparatus, the bottle B is partially filled with a known volume of the 
polluted water, previously mixed with a little magnesium hydroxide to fix free carbon dioxide, 
and a similar volume of distilled water is poured into the bottle A. As the two bottles 
are similar in capacity, the volumes of the air spaces left in them are also similar one to 
the other. The polluted water and distilled water should have been left in the laboratory 
for some little time previously to allow of them assuming a common temperature. The 
plug of the stopcock 61 is taken out, and the stopcock a2 is closed, and 62 is opened. The 
two corks are then inserted into their respective bottles, and the whole apparatus is 
put aside for a few minutes to ensure their contents assuming the same temperature 
as that of the laboratory. This is noted, and also the height of the barometer. The 
effect of keeping the stopcock a2 closed during the operation of inserting the corks into 
their respective bottles, as above described, will be found to cause a rise of the water 
through the capillary tube @ and above the zero point of the graduated portion immediately 
above it. This stopcock is now cautiously opened to allow of the water in the graduated 
portion of the tube to sink back to the zero point; it is then closed. The stopcock b2 
is also closed, and the plug of 61 is replaced. 


The pressure in B will be that of the atmosphere, and in A that of the atmosphere 
plus that due to the column of water in the capillary tube a, less the height to which the 
water rises in it by capillary action. Ifthe polluted water be a strong one, the apparatus 
is put into a mechanical shaker, and the contents of the two bottles are kept in gentle 
motion. If, however, it be a weak one, this will be unnecessary ; an occasional shake 
of the two bottles will be sufficient. The apparatus should be kept at a temperature of 
about 15° to 18° C. 


The principle on which the apparatus works depends upon the fact that the atmo- 
sphere in the bottle A remains practically unchanged in composition during the time of 
the experiment, and the bottle A consequently acts as a standard pressure bottle. As 
the oxygen is absorbed from the atmosphere in the bottle B, the pressure of the atmo- 
sphere will be reduced in direct proportion to the loss of oxygen, as no carbon dioxide 
will be evolved from the polluted liquid owing to its fixation by the magnesium hydroxide 
previously added.* If, therefore, the stopcock b1 be opened, the water will rise above 
the zero of the scale of the tube aa in proportion to the loss of pressure in B. The volume 
of water which so rises int the graduated portion of the tube aa, at any given time, and 
the height of it above the zero mark, give the means of calculating the volume of oxygen 
absorbed by the polluted water in B., during the period of observation, thus :— 


Let v’=volume of oxygen absorbed from atmosphere in B, at initial tem- 
perature and pressure. 
V =volume of air in A or B at commencement. 
y = volume of water that rises above the zero of the scale of the tube aa. 
p’=height of water in the capillary tube a above the level it assumes by 
capillary action. 
p’= height of water in the graduated tube above the zero mark on the 
scale. 
LV SO | 
P =pressure of air in B at commencement, in terms of the water barometer. 
The pressure in A at commencement will be P+p’. 


Then v’=2v42V— 2 (V-2). 





* Tf crude sewage be the subject of examination, it should be diluted to five or ten times its volume with 
tap water, before being placed into B, such dilution prevents the evolution of nitrogen to an appreciable 
extent into the atmosphere of the bottle B, which might otherwise occur if the sewage were examined in 
the undiluted conditions, since crude sewage is generally super-saturated by free nitrogen, 
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Since v is generally small in comparison with V, it may be neglected, except in cases 
where the utmost acctiracy is desired. The equation then becomes :— 


y= 204+2V 


The reason for adjusting the level of the water at the zero of the scale at the top of 
the capillary portion of the tube aa, at the commencement of the experiment, will be 
understood from the last equation. It is evident from it that, if this were not done, a 
considerable absorption of oxygen would take place from the atmosphere of bottle B. 
before the water in the tube aa would rise to the graduated portion of it. It may be here 
remarked that it is inconvenient to have the graduated portion of the tube aa inside the 
bottle A. owing to the difficulty of reading the scale when it is so placed. 


As regards the dimensions of the apparatus these must be varied to meet the object. 
for which the apparatus is required. Whether, for instance, it is required :—(1) to control 
the pollution of waterways, for safeguarding the interests of public health, or of fish life, 
within standards such as those suggested in Section 1, p. 91; (2) to determine the 
quality of an effluent from a continuous filter bed or from a contact bed ; (3) to determine 
the strength of a sewage in a comparatively unpurified condition, e.g., tank liquor. 


An apparatus capable of indicating very small volumes of absorbed oxygen such as 
would be required to be observed for the first of the above objects and at the same time © 
capable of permitting the use of volumes of polluted water sufficiently large for subsequent 
chemical analysis, if such be necessary, should be as follows:—A and B should each 
have a capacity of 1,200 c’c. which permits the use of 1,000 c.c. of polluted water, and 
provides for an air space of 200 c.c. The capillary portion of aa should be as short as 
possible in all forms of the apparatus. The bottle should consequently be made as shallow 
as possible. The graduated portion should have a capacity of 3 c.c., and its fine divisions 
should give readings in1/20th c.c. The tube would then be about 112 mm. long and 
5.5mm. bore. The volume of the bulb a1 should be about 1 c.c. 


The total loss of oxygen in the atmosphere of B observable by means of an apparatus 
of these dimensions would slightly exceed 10 c.c. per litre of water, without replenishing 
the oxygen absorbed in B. by fresh oxygen in the manner to be described later on. 


The dimensions of an apparatus required for the second purpose would be such that 
A and B should each have a capacity of 1,500 c.c., and would allow of the employment 
of 1,000 c.c. of the polluted water, and the provision of an air space of 500c.c. The 
graduated tube should measure a total volume of 5 c.c. and afford readings in 1/20th ¢.c. 
A tube of this capacity would be about 186mm. long and 5-5 mm. bore. ‘The capacity of 
the bulb a1 should be 5 c.c. | 


For the third of the above enumerated purposes, A and B should each have a capa- 
city of 1,500 ¢.c. The graduated tube should give readings in 1/20th c.c., with a total of 
10 c.c. Such a tube would be about 225 mm. long and 7 mm. bore. The bulb al should 
have a capacity of 10 c.c. 


The maximum volume of oxygen absorbed in B, which would be recordable by this 
last apparatus would slightly exceed 50.c¢.c. This would amount to half the total volume 
of oxygen in the air space, which should certainly be taken as the maximum allowable 
reduction of the oxygen in the air supply in B. Hence if the polluted water to be ex- 
amined be an-unpurified sewage, it would be necessary to dilute it to five or ten times its 
volume with tap water, or to replenish the oxygen in the atmosphere of B by the addition 
of fresh oxygen, which can very easily be done in the following manner :—A store of 
oxygen is kept in an ordinary Lunge’s nitrometer over a saturated solution of common salt. 
After a reading of the volume of water which has risen in the graduated connecting tube 
of the apparatus has been taken, the nitrometer is connected by a short piece of capillary 
rubber tubing to 62, and its pressure tube is raised so as to cause a pressure upon the 
oxygen a little greater than that of the atmosphere. The stopcock 6, and that of the 
nitrometer are next opened, and then the stopcock b2 is cautiously opened, and oxygen is 
allowed to bubble up through the water in B into its air-space until the level of the water 
in the graduated tube sinks to that of the zero mark on the scale. The stopcock 62 is then 
closed, and if the operation has been correctly carried out, the atmosphere in B will have 
been restored to its original composition, and the volume of oxygen which the nitrometer 


44] 


has lost will also be a measure of the oxygen which has been absorbed by the polluted 
water in B. In this simple way the oxygen in the atmosphere of B may be replenished 
from time to time, and so the rate of absorption of the most highly polluted sewage may be 
observed until the sewage becomes entirely self-purified under aerobic conditions. 


The above dimensions have all been adopted with the view of allowing the use of 
volumes of polluted water sufficiently large for subsequent chemical analysis, if such be 
necessary. If, however, this be not necessary, as in many cases it will not be, the appara- 
tus may be reduced to one-tenth the sizes above given. A. and B. would then have a 
capacity of 120 to 150 c.c. each, and the gradauted tube would read to 1/100th c.c., and 
have total capacity of 0°3.c.c. Such a tube would be about 50 mm. long, and 2 mm. bore. 
The bulb a1 should have a capacity of 1 or 2 ¢.c., according to whether it be required for 
the first or second of the above purposes. 


The experiments which have been so far made go to show that the magnesium 
hydroxide, which it is necessary to add to polluted waters in order to fix free carbon dioxide 
in them, does not affect the rate of fermentation of the sewage matters. Neither doesit 
appear to affect the organic mattersin thesewage. Itdoes, however, affect the ammonium 
compounds, as it reduces their quantity apparently by co-precipitation. This, however, 
does not affect the value of the method, since, if it be necessary, the true quantity of 
ammonia in the sewage can be determined before the addition of magnesium hydrate, 
and the total volume of oxygen which would be absorbed by its complete nitrification can 
‘be ascertained by calculation in the way already described. It may here be noted that 
calcium hydrate, even in very small quantities, cannot be substituted for magnesium 
hydroxide, as it exercises a retarding effect upon the subsequent fermentation of the sewage 
matters. 


Experience with this apparatus has shown it to be capable of yielding accurate and 
extremely important results with a minimum expenditure of time and labour. 


W. EK. ADENEY, 
Royal University, Dublin. 
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APPENDIX TO REPORT ON THE POLLUTION OF ESTUARIES AND 
TIDAL WATERS. 


REPLIES TO CIRCULAR LETTER. 
ees PE 
ABERDEEN (CITY). 
ue Le? go deat iit her Teac poise | oi ae Nett od AO dmwall 


QUESTION. ANSWER 





1.” Population of drainage area ? 153,4,7 in 1901. Now about 164,000 


2. Approximate volume of sewage 


c 7,000,000 gallons. 
discharged per diem ? 


3. Nature of sewage and trade 


; Ordinary domestic, and no special trade wastes. 
effluents (if any) ? 


A typical analysis should be 


g } i The following analyses have been made for the purposes of this Return. The 
given, if possible. 


samples were so taken as to represent the sewage of the different districts 
of the city, the weather being at the time dry :— 














No. I. | No. II. | No. III. | No. IV. 
Grains per Gallon. 
Suspended and Dissolved Solid 73°5 57°4 74°6 59°0 
Losson Ignition - -  . 27°3 28 8 38:1 27°5 
Dissolved Solids . - - 36°7 38°9 28°2 27°9 
Loss on Ignition - - - - 10°3 11-4 10-4 11:0 





(The samples were collected between 11.30 a.m. and 12.30 p.m.) 


4. Is the sewage discharged in the | Yes. 


crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
poe should be given, if pos- 
sible. 


6. Isthe sewage or treated eftluent 
discharged at all states of the 
tide ? 


Practically the whole of the sewage is discharged at all states of the tide, but 
automatic tidal valves are provided on several of the outfalls. 


7. If not, during what period and 
at what state of the tide docs 
the discharge take place ? 


8. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water “(a) at 
low (spring) tide and (4) at 
high (spring) tide ? 
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The tides are rapid near the outfalls. The flood tide carries the sewage out 
to sea and then in a southerly direction past Girdleness Point; the 
ebb tide flows towards the north-east of Aberdeen Bay. 


At present there are four different outfalls into the tidal waters of the River 
Dee, three into the tidal waters of the River Don, and three into the Don 
about half a mile above the highest limit of the tidal waters. The depth 
of water at the outfalls into tidal waters varies, but, generally, the 
discharge takes place at about ordnance datum level, or nearly mean tide. 
The high water mark of ordinary spring tides is 7°35 feet above ordnance 
datum, and the low water mark is 5°40 ft. below ordnance datum. 

The whole of the outfalls are in course of being intercepted by a new scheme 
of drainage which is to carry the sewage through a tunnel in a ridge on the 
south of the Dee, and‘then along the north side of the Bay of Nigg to an 
outfall at Girdleness Point. This outfall is 21 ft. below high water mark 
O.S.T., or about 8 ft. below low water mark. The flood tide will carry the 
sewage rapidly into deep water in a southerly direction and away from the 
shore, while the ebb tide will carry it in a north easterly direction, also 
away from the shore. Two small low level areas, amounting to 3 2 acres 
will still continue to discharge into the tidal waters of the Dee, the level 
of the discharging points being 103 and 13ft. below bigh water mark 
O.S.T., respectively. ) 

3 P 
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ABERDEEN (CiTy)—continued, 








(QUESTION. 


ANSWER. 


10. Has any nuisance arisen at any 


Liles 


12. Is 


13. Have any complaints been made: 


time either in the neighbour- 
hood of the outfall or on the 
foreshore ? ho oe 


there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ¢ 


there any evidence as to the 
formation of sludge banks-in 
the neighbourhood of the out-. 
fall or elsewhere caused, by 
deposit of sewage solids ? 


as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further infor-, 


mation of a similar nature 
waich you may think useful, 


There has been no obvious nuisance hitherto. The chief reason for the new 
scheme has been the rapid growth of the city and the insufficiency of 
existing outfalls and the liability to flooding in the low-lying areas. 


No. I have consulted Professor Trail, F.R.S., of the Botanical Department of 
the University, and he is satisfied there is no unusual growth of such sea 
weeds, No nuisance arises from decomposing sea weeds. 


The harbour officials state that a deposit of sewage sludge occurs in the 
estuary of the Dee at Point Law, near the dock gates, but they have never - 
complained of it, and it has not been the occasion of any obvious 
nuisance. It will now disappear under the new sewage scheme. 


Complaints have occasionally been made by those interested in the salmon 
fishings in the estuary of the Dee, as to possible harm to the fish, but no. 
actual harm has ever been proved. 


¥ 
I have to express my indebtedness to Mr. G. Clonway, engineer in charge of 


_. the new sewerage works, for the greater part of the information contained 
in the above replies, 


MatrHew Hay, M.D., 


- Medica! Officer di Health. 
. 8th April, 1904. 
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BANGOR. 





QUESTION. ANSWER. 








1. Population of drainage area? Te: 


2. Approximate volume of sewage | 450,090 gallons. 
ischarged per diem ? 


3. Nature of sewage and trade | Ordinary house sewage. No trade effluent. 
effluents (if any) ? 


A pieal, analysis should be Report of Analyst, Dr. F. N. Menzrzs, King’s College, London, 
1 if possible. : : 
ee alae? sieges Slight foecal odour. 
Saline and free ammonia - - - -  0'9 parts per 100,000 
Albuminoid ammonia - - . - aia AACS shes 
Oxygen. absorbed in 2 hours at 80° I". - wit LS) 9 _ 
Chlorine ees = : : vist at ‘, : 
Nitrogen as Nitrates and Nitrites - - - ‘Traces 
Total solids” - - - - -— - Not estimated. 
Bacteriology— 

(a) No. of organisms — - . - - - 1,700,000 per c.c. 
(6) Enteritidis sporogenes - - - - 50 ra) 


in 48 hours 
(c) Coli - - - - - . - 20,000 per c.c. in 48 hrs. 
(2) 50,000 in 5 days. 
Typhoid and Cholera not examined for. 


(signed) F. N, Menzies. 


4, Is the sewage discharged in the | Yes. 
crude state ? 


5. If not, to what process of treat- 3 ee 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible, 


6. Is the sewage or treated effluent | Yes 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid | Varies according to the state of the tide (from sluggish to rapid, froin 0 to 4 
near the point oP outfall aad knots an hour). Flowing tide flows through Menai Straits towards N.E. 
what is their direction? _ ebbing tide flows through Straits to S.W. 


9. At what distance from the shore | One 609 yards ; second 430 yards 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (0) at high 
(spring) tide ? 


10. Has any nuisance arisen at any | At the second one some year's ago complaints were received of sewage being 


time either in the neighbour- emitted from ventilators as tide was making. These ventilators have 
DS é ee : 

hood of the outfall or on the now been closed, and no nuisance 1s occasioned, 

foreshore ? 


11. Is there any considerable growth | No. 

of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along 
the coast, and, if so, does a 
ruisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 
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Bangor—continued. 


i ge pn nT nat ncn 


(JUESTION. ANSWER. 








12. Is there any evidence as to the | No. There are extensive mud deposits in the Straits near Bangor due to the 


formation of sludge banks in deposition of solids washed rom the shore and brought down by the 
the neighbourhood of the out- streams. These mud deposits show some evidence of sewage. 
fall or elsewhere caused by P. FRASER. 


deposit of sewage solids ? 


13. Have any complaints been made | No. No complaints as regards fish proper, but oyster layings on the shore 
as regards the effects of the have had to be removed on account of sewage. P. F. 
discharge on fish life ? 


14. Please furnish any further infor- 
mation of a similar nature 
which you may think useful. 


JoHN Git, A.M. Inst., C.E., 


City Surveyor. 
Bangor, 11th March, 1904. 


> 
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10. 
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12. 


13. 
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BARMOUTH. 





QUESTION. 


ANSWER. 








. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


Is the sewage discharged in the 
crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


Is the sewage or treated effluent 
discharged at all states of the 
tide? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides s‘uggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
wlva latissema or the different 
varieties of enteromorpha)near 
the outfall or along the coast, 
and, if so, does a nuisance ever 
arise in warm weather from 
the weeds being washed ashore 
and decomposing ? 


Is there any evidence as to the 
formation of sludge banks in 
the naighbourhood ef the out- 
fall or elsewhere caused by 
deposit of sewage solids. 


Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


Please furnish any further in 
formation of a similar nature 
which you may think useful. 





2,800, 


Cannot say. 


House sewage with surface water. No trade effluents. 


Yes 


_— —— -— /. 


At ebb tide. 


Two outlets, one in mouth of River Mawddach, the other in the Bay. The 
former is very rapid, the latter fairly so. 


Each outfall a quarter of a mile. (a) 5 to 6 feet, (6) 18 to 20 feet. 


A great abundance of green sea weeds grow in the estuary, and on a hot 
summer’s day the smell of decomposing sea weed is very strong ; this 
is always put down to sewage by visitors, and is therefore a nuisance. 


No, none. I believe the fish are benefited by the discharge. 


Our system here appears to work well. The drain water gets into the sewage 
pipes and thereby causes much inconvenience, but from the Commission’s 
point of view it would not be disadvantageous. 


D. Artuur Huaues. 
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BARROW-IN-FURNESS. 








QUESTION, 








1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Natire of sewage and trade 
efflusnts (if any)? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of tréat- 
ment is it first subjected ? 





A typical analysis of the treated 
sewage should be given, if 
possible, 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 





7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the polit of outfall, and 
what is their direction ? 


9, At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide 2 





10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom. 
posing ? 


12. Is the e any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids. J 





13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14 Please furnish any other infor- 
mation of a similar nature 
which you may think useful, 


65,010 Barrow. 
10,000 Dalton. 


75,010 








4,000,000 gallons per day in dry weather. In wet weather this amount is 
considerably increased, and the sewage diluted by storm water. 


Chiefly ordinary domestic sewage, free from any trade effluents. 


Yes ; with the exception of that from Vickerstown North and South, amount- 
ing to about 100,000 gallons per day, which is passed througa septic tanks 
before being discharged into Walney Channel. 


We have 17 outfall sewers at different points within the borough, ranging in 
size from 4 feet diameter to 9 inches in diameter. Of these the largest, 
the main outfall sewer, is tide-locked during the period from two hours 
before and two hours after high water. 


See above. - 


Moderately rapid, 


The main outfall is situated at about 1,200 yards from the shore, and is 


19 feet below high-water mark of spring tides and 9 feet above low-water 


mark of spring tides. 

The others, and less important outfalls, are situated at various distances from 
the shore and at various heights above or below low-water mark, as the 
case may be. 


Not that I am aware of, 


No. 


No. 


JOHN SETTLE, 


ee 
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BELFAST. 





QUESTION, 


a 





ANSWER. 





1, Population of drainage area ? 


2, oe amate volume of sewage 
ischarged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


— 


: Is the sewage discharged in the 
crude state ? 


- 


If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


a 


Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


J 


. If not, during what period and 


at what state of the tide does } 


the discharge take place? 


& 


Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9, At what distance from the shore 
is tne outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (0) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


1 


_— 


. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along 
the coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing % 


Census 1901, 349,180. 





PAR: ae no exact determination thereof, but it would be about 11,000,000 
gallons, 


Domestic sewage and surface water. The trade effluents consist of refuse 
from distilleries, breweries, and bleach and dye works with occasionally 
considerable quantities of tar product. 


TypicAL ANALYSES OF BELFAST SEWAGE AND EFFLUENT. 





QUANTITIES IN PARTS PER 100,000. 




















Solids in a Nitrogen as 
Suspension. S53 
| 82d 
le ea J 2% a : 
=) ne} 4 id #5) oo;c°90 = 
s = S Cag a [ee jk 
Sh wol 2.. a 2 (es poe ee ee 
> i a S) m 3 | alo te 
CRUDE SEWAGE} 21°40 9:00 | 30°40 | 47'8 | 11:01 1:98 1°48 | 0 0°165 
Effluent (after | Traces | Traces |'Traces| 36°9 1:47 | 0:20 | 0°20! 0 | 0°453 
double contact) 

















Yes, except about one-seventh part of the whole, which is treate1 in double 
contact Bacteria beds. 


See under 4. 


See under 3. 


It is discharged only during periods of 3$ hours, commencing at each time of 
high water; during. wet weather, however, this rule is broken. The 
effluent from the Bacteria beds is discharged during the period of low water. 


Sluggish in the direction of the sewage flow. 


Distance of outlet from nearest high water mark is one mile. 


c ; Dey th of 
water at low tide (spring) 5 feet, at high (sj rin) tide, 14 feet, 


Yes, due to the presence of green sea-weed. 


There is a very large growth of wlva latissima along the shores of Belfast 

- Lough, but none near the outfall.  Hnteromorpha (compressa) and in- 
testinalts also occur in smaller quantities’; the decomposition of these 
gives rise to a nuisance. 
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BELFAST—continued. 








QUESTION. | ANSWER. 





12. Is there any evidence as to the | Yes, in the immediate neighbourhood of the outfall, but not to any great 
formation of sludge banks in extent. 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | None. 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further ime} 0) ee 
formation of a similar nature 
which you may think useful. 


Henry Warrtaker, M D. 
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QUESTION. 


_— 


1. Population of drainage area ? 


2, Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be given, 
if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


-. 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction? | 


9, At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (d) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) near 
the outfall or along the coast, 
and, if so, does a nuisance ever 
arise in warm weather from the 
weeds being washed ashore 
and decomposing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further infor- 
mation of a similar nature 
which you may think useful 
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BERWICK. 





ANSWER. 





6,900 acres. 


400,000 gallons. 


Domestic. 


None taken. 


Yes. 


Rapid and east direction. 


Less than 200 yards. (a) 1 foot ;.(4) 17 feet. 


Yes, one time when valve of drain was out of repair. 


None ; principally shingle. 


Very little, if any. 


None. 


D. Heacerr 


3Q 
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COUNTY BOROUGH OF BIRKENHEAD. 





QUESTION, 


ANSWER, 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage jand trade 
eftluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7, If not, during what period and 


at what state of the tide does} 


the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the ottfall situated, and in 
what depth of water (a) at 
low (spring) tide and (6) at 
high (spring) tide ? 


10, Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulvalatissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if se, does a 
nuisance eyer arise in warm 


weather from the weeds being | 
washed ashore and decom- 


posing 4 


114,814. 


2,870,350 gallons 


Practically all domestic sewage. 


Yes. 


oe mee 


—_—— —-—— 


Yes. 


ae - 


Rapid, practically at right angles to line of outflow. 


je 


On 


_ At river wall. 


. 287 yards from shore. 


. 267 yards from shore. 


At river wall. Invert 3 feet 8 inches above low-water mark of ordinary 
tides, and 23 feet 10 inches below high-water mark ordinary tides. 


Invert 3 feet 4 inches below low-water mark of ordinary 
tides, and 30 feet 10 inches below high-water mark ordinary tides, 


Invert 11 feet 7 inches above: low-water mark of 
ordinary tides and 15 feet 11 inches below high-water mark ordinary 
tides. 


Invert 13 feet 10 inches above low-water mark of 
ordinary tides, and 13 feet 8 inches below high-water mark ordinary 
tides. 


. 262 yards from shore. Invert 3 feet 11 inches above low-water mark of 


ordinary tides and 23 feet 7 inches below high-water mark ordinary 
tides. 


. 277 yards from shore. Invert 4 feet above low-water mark of ordinary 


tides and 23 feet 6 inches below. high-water mark ordinary tides. 


Not to my knowledge. 


No. 














ROYAL COMMISSION ON SEWAGE DISPOSAL. 455 





County BoroucH oF ‘BIRKENHEAD—continued. 





QUESTION. 





12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the 
outfall or elsewhere caused 
by deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further infor- 
mation of a similar nature 
which you may think useful ? 


6225—Ap. VI. 


No 


15th July, 1904. 








ANSWER. 





rem 2 


Cuas. BROWNRIDGE, 
Borough Engineer and Surveyor. 
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BLACKPOOL. 
()UESTION, - ANSWER 
1. Population of drainage area Estimated population approximately 54,000. 


2. Approximate volume of sewage | 1,575,000 gallons. 
discharged per diem ? 


3. Nature of sewage and trade | Domestic sewage. No trade effluents ef any impor ance. 
effluents (if any) ? 


A typical analysis should be | I regret that I have no analysis available. 
given if possible. 


4. Is the sewage discharged in the | Yes. 
crude state ? 


5. If not to what process of treat- Epi 
ment is it first subjected ? 


A typical analysis of the treated see ae 
sewage should be given, if 


possible. 

6. Is the sewage or treated effiuent | No; not at main outfall.. North outfall, which serves only a small portion of 
discharged at all states of the the town, discharges at all states of the tide. The outflow end of the out- 
tide ? fall pipe is at low water mark. 


7. If not, during what period and | The valves in the penstock chamber are opened about two hours after full 
at what state of the tide does tide and closed about two before low tide, so that the sewage is only 
the discharge take place? ~ discharged with the ebbing tide. 


8. Are the tides sluggish or rapid | Neither sluggish nor very rapid, but a moderately rapid tide. Incoming tide 
near the point of outfall, and about N.W. ; outgoing tide 8. W. 
what 13 their direction ? 


9. At what distance from the shore | Main outfall 800 yards from hulking ; depth of water over it at low (spring) 
is the outfall situated, and in tide nil, the mouth of the pipe being almost completely exposed ; at high 
what depth of water (a) at low (spring) tide covered with 29 feet of water. North outfall about 440 yards 
(spring) tide and (0) at high trom hulking. At low (spring) tide outlet partially bare for a short time ; 
(spring) tide ? at high (spring) tide 29 feet of water covering it. 


10, Has any nuisance arisen at any | Some years ago the outfall pipe became broken about half way between the 
time either in the neighbour- outlet and the shore, leading to pollution of the foreshore. Since this was 
hood of the outfall or on the remedied no nuisance is found from this source, except to a slight extent, 
foreshore ? occasionally with a strong S.W. wind continuing for some days, or if 

through any neglect the valves in penstock chamber are left open too long. 


iMG bagel 


RD 


there any considerable growth | No. 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decompos- 


! 
ing t 


—_ 
bo 
aoe 
m 


there any evidence as to the | Not to any extent; a slight deposit of sludge is occasionally observable on the 
formation of sludge banks in edge of the outgoing tide near low water. 

the neighbourhood of the out- 

fall or elsewhere caused by 

deposit of sewage solids ? 


13. Have any complaints been made | No ; fishermen regard it as a good breeding ground. The Fisheries Board of 


as regards the effects of the the Lancashire County Council have made it a closed ground, and neither ; 
discharge on fish life ? trawlers nor shrimpers are allowed on the Blackpool foreshore, with the ~ 

7 intention, as I am informed, of protecting the breeding grounds. 

' i 

14. Please furnish any further in- | Some evidence has been obtained that typhoid fever has been contracted : 
formation of a similar nature through the consumption of mussels obtained from the Blackpool piers or _ 
which you may think useful. from the sewer outfall pipes. Dr. Bulstrode, in his evidence before the _ 


Commission, quoted the opinions arrived at by my predecessor (Dr. 
Anderson) and myself and recorded in our annual report. 


Francis J. H. Courts, 
Medical Officer of Health, Blackpool. 
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BOGNOR. 








QUESTION. ANSWER. 





1. Population of drainage area ? About 6,500. 


2. pare nate volume of sewage | 650,000 gallons including surface water. 
ischarged per diem ? 


3. Nature of sewage and trade | . pe ak a 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the | Yes. 
crude state ? 


x 


5. If not, to what process of treat- | No treatment. 
ment is it first subjected ? 


A typical analysis of the treated pe ae 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent | No, at half-ebb aad low--vater. 
discharged at all states of the 
tide ? 


7. If not, during what period and | As above. 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or oad Rapid ; flows east and west. The discharge or outfall pipe empties at the 
near the point of outfall, and mouth of the river, which greatly assists in. carrying the sewage towards 
what is their direction ? the open sea. 


9. At what distance from the shore Near low water mark, 500 feet from the shore ; at low water (spring) tides 
is the outfall situated, and in the pipe is exposed. At high water there would be about ten feet of 
: what depth of water (a) at water over. 
low (spring) tide and (4) at 
high (spring) tide ? 


10. Has any nuisance arisen at any | Not to my knowlelge., 
time either in the neighbour- 
hood of the outfall or on the 
foreshore 


11. Is there any considerable growth | No, 

of green sea weeds (such as 
ulva latissima or the ditterent 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood | of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | No. 
as regards the effects of the 
discharge on fish life ? 


mrmemiiruiaiy any further in-; . © =  . « . =F = 
oe of a similar ee 
ich think useful. 3 4 
a W. Conway CooKkgE, 
Medical Officer of Health. 


A58 ¥ = a * 
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COUNTY BOROUGH . OF.. BOURNEMOUTH. 








QUESTION, 


ANSWER. 





1. Population of drainage area ? 


2. Approximate volume of sewage 


discharged per diem ? 


3. Nature of sewage and trade 


effluents (if any) ? 


A typicalanalysis should be given, 


4, Is 


Ape b 


or 


A 


6. Is 


Toes 


if possible. 


the sewage discharged in the 
crude state ? 


not, to what process of treat- 
ment is it first subjected ? 


typical analysis of the treated 
sewage should be given, if 
possible ? 


the sewage or treated effluent 
discharged at all states of the 
tide ? 


not, during what period and 
at what state of the tide does 
the discharge take place ? 


t 


&, Are ahe tides sluggish or rapid 


ner the point of outfall, 
and what is their direction 2 


9. At what distance from the shore 


is the outfall situated, and 
in what depth of water (a) 
at low (spring) tide and (4) 
at high (spring) tide 2 


10. Has any nuisance arisen at any 


i, as 


time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteroimorpils) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decum- 
posing ? 


52,000. 


The system is in most part a combined one. \ The amount of sewage has not 
been actually ascertained, but is estimated at 1,300,000 gallons per dicm. 


There are no trade effluents dealt with. 


At all states of the tide. 


Tides set sharply past the outfall and out of the bay, either towards the Isle 
of Wight or Isle of Purbeck as the tide flows or ebbs. 








Depth below mean 





Outfalls. Distance from shore. tideteren 
18 in. and 36in. 1,300 ft. 24 ft. 
Bournemouth Pier. 
18in. and 36 in. 2,016 ft. 36 ft. 
Boscombe Pier. Pes 
24 in. 1,370 ft. 24 ft. - 
Soutbbourne. 


2] in. 1,400 ft. 33 ft. 


The range of tides is 6 ft. 


In addition to the above there are storm water outfalls as follows :—48 in. at 
Bournemouth Pier, 1,320 ft. long, discharging in 22 ft. water ; 36i0. at Boscombe 
Pier, 1,109 ft. long, discharging into 18 ft. of water. 





No; aj] trace is carried away by set of tide. 


The bay both generally and near the outfalls is quite clear of growth. | 
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County BorovucH or BourNEMOUTH—continued. 





— = 





QUESTION. ANSWER. 





12. Is there any evidence as to the | No, 
formation of sludge banks in 
the neighbourhood of . the 
outfall or elsewhere caused 
by deposit of sewage solids ? 


13. Have any complaints been made | No, 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further infor- etek 
mation of a similar nature 
which you may think useful ? 

Puiuie W G. Nuny, 


Medical Officer of Health. 
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BRIDGEND URBAN DISTRICT AND PART OF PENYBONT RURAL DISTRICT. 











QUESTION. ANSWER. 
1. Population of drainage area ? Contributory places, estimated 1904=6523. 
Bridgend Urban District __,, 1904= 6614, 
Total population e 1904= 13,137. , 


2. Approximate volume of sewage | Estimated at 90 cubic feet per minute = 129,600 cubit feet in 24 hours. 
discharged per diem ? 


ww 


. Nature of sewage and trade | Tanyard, Brewery, Laundry, Aerated Water Co. ; ordinary sewage and slop 
effluents (if any) ? water from dwelling houses with the surface water of back yards in wet 
weather. 


A typical. analysis should be | No analysis has been made. 
given, if possible. 


4, Is the sewage discharged in the | Yes. 
crude state ? 


5. If not, to what process of treat- Sie Med 
ment is it first subjected ? ’ 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent | Yes. 
discharged at all states of the 
tide ? 


~ 


. If not, during what period and | The sewage is tidal locked for about two hours at each tide. 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid Rapid ; four or five miles an hour ; east and west. 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore | 1,400 yards from low water mark. 
is the outfall situated, and in | (a) 15 feet 6 inches. 
what depth of water (a) at | (4) 44 feet. 
low (spring) tide and (8) at 
high (spring) tide ? 


10. Has any nuisance arisen at any | No, 
time either in the neighbour- 
hood of the outfall or on’ the 
foreshore * 


11. Is there any considerable growth | No, 
of green sea weeds (such as é 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm ae 
weather from the weeds being 
washed ashore and decom- 
posing % 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | No. 
as regards the effects of/the 
discharge on fish life ? 


14. Please furnish any further in- | The sewage works have been completed only eighteen months ago, 1902-1903 
formation of a similar nature so there is hardly time for nuisance to betray itself yet. 
which you may think useful ; 


” WynpHAM RANDALL, 
7th July, 1904. Bridgend, 
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BRIGHTLINGSEA. 





(JUESTION. 


ANSWER. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
dischaged per diem ? 


eo 


. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide? 


7. If not, during what period and at 
what state of the tide does the 
discharge take place ? 


&. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


6225—-Ap. VI. 


The estimated population of the entire district at the middle of 1903 was 
4,640, Population at August, 1901, 4501. From this should be deducted 
150, the approximate number not draining into the sewerage system. 


50,000 gallons. 
There are no trade effluents. 


The following results were obtained from a sample of the sewage taken on a 
surprise visit to the works :— 

1. Colour in 6th column, dirty brown, very turbid and opaque. 

2. Odour very offensive. 

3. Contained much free ammonia. 

4. Contained 18 grains of chlorine per gallon, equivalent of sodium 
chloride 30 grains. (The public supply water contains 10 grains 
of chlorine per gallon.) 

. 3°75 grains of oxygen absorbed in four hours at 80° Fahrenheit. 
On being allowed to stand for ten days emitted sulphuretted 
hydrogen. 


eres 


No. 
Alumino ferric precipitation process (Ive’s patent). 


The following results were obtained from a sample of the effluent correspond- 
ing to the sewage mentioned in section 3 :— 

1. Colour in 6th column very faint grey blue; no turbidity and quite 
transparent. 

2. Faint odour but not unpleasant. 

3. Contained trace of ammonia. 

4, Contained 14 grains of chlorine per gallon, equivalent in sodium 
chloride 23°3 grains per gallon. (Public supply water contains 
10 grains of chlorine per gallon.) } 

5. O'7 grain of oxygen per gallon absorbed in four hours at 
80° Fahrenheit. 

6. On standing for ten days did not become offensive nor emit 
sulphuretted hydrogen. 


Between one hour after high water and one hour before low water. 


Rapid. Their direction is shown on the accompanying maps. A series of 
floats were placed in the water and their direction noted as shown on the 
map. 

High water was at 12 noon. 


No. 1 float was put in at 1 o'clock 

99 2 bP) ” 9 bb) 1.20 ” 
9 3 ” ” 9 ” 1.50 ”? 
” 4 ” ” 9 ” 2.40 bbl 
”? 5 ” 9 ” ” 3 ” 
bP] 6 ” ” ” ” 3.15 ” 
’ 7 ” ” ” ” 3.45 ” 

8 CAS ee 


From high mark (ordinary tides) the distance is 110 feet. This mark 
ceramoala with the shore of the salt marsh. (See Map.) (a) nil, 
(b) 12 feet. As the shore is a gentle slope a very small rise in the tide 


covers the outlet. 


No. 
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BRIGHTLINGSEA— continued. 











(QUESTION. 


ANSWER. 


aera an Unrest 


eS SS eS eee 


11. Is 


12. Is 


there any considerable growth 
of green sea weeds Roe as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 


posing ? 


there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 


as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- 


formaton of a similar nature 
which you may think useful. 








; 


No. 


No. 


No oysters nor other shellfish are cultivated in Brightlingsea Creek for a 
distance of 250* from the sewage outfall ; the District Council renting 
the oyster layings for that distance: The sludge from the sewage works 
is all used on the land as manure, none being deposised in the sea. 


KE. P. Dick. 





* This is the distance laid down but is actually exceeded. 


a 





“UOPUOT‘OWIT p17 WEYGS B43119M gers 


HLEASO 23°50 HStuwad 
ANT09 ‘a 


HION1 INO OL LAFTS C02 HO 0082 77r08 / 4o Auvwvntsa 
7 / 


~ wee ee 


eri a ele de 


LIFTS Ol =AINYT WOHS yi 


WWeaALNIO FOVPUMAIS SO IINEGLSIG 4 
4 
aia Maie), (eo 


LNiog® 


HSYYWW ASAM 


Sagit AYMVWNIGHYO YSLVM HOIH 





Ae ll 
€ 
. 


SWAOGM FOCMIS 





ROYAL COMMISSION ON SEWAGE DISPOSAL. 


463 


BRIGHTON. 





QUESTION. 


ANSWER. 








1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


.3. Nature. of sewage and trade 
effluents (if any) ? 


\ © A. typical analysis should. be 
“- + given, if. possible. 


4, Is the sewage discharged in the 


crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
. near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outtall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 

- weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


6225—Ap. VIL 


155,165. 


7,137,590 gallons per 24 hours. 
There are no trade effluents. 
No analyses haye been made, but the sewage is probably very dilute. 


Yes. 


No. The sewer being tide-locked, only discharges at low water. 


Discharge takes place between half-tides. 


Rate 13 to 23 knots. Direction is westerly at fall of tide, and easterly at 


rise of tide. 


1,028 feet 6 inches from face of cliff ; at a distance of 5,867 yards, or 34 miles 
from the eastern boundary of the borough, and far remote from any 
inhabited district, except a few houses at ‘Telscombe. 

Depth of water—(a) Low spring tide, 34 feet. 

(6) High ,, 23 feet. 


~ 0 


No. 


None whatever. 


A NEWSHOLME. 


3 R 2 
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BRISTOL. 
QUESTION. ANSWER. 
Population of drainage area ? 341,000. 
Approximate volume of sewage | 8,500,000 gallons 


discharged per diem ? 


Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (i) at 
low (spring) tide and (4) at 
high (spring) tide. 


10, Has any nuisance arisen at any 


time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Varies considerably at each outfall, and again at different periods during the 
day. 


The sewage discharged from six of the seven outfalls is domestic in type, and 
varies only in degree of concentration. The average composition calcu- 
lated from separate analyses of samples collected at these outfalls is given 


below, together with a typical analysis of that from the seventh outfall, 


at which much trade waste is discharged, and the character and reaction 
of the sewage vary a good deal. 








poise” Single Sewage. 
Grains per Gallon. 
Saline ammonia - 3 - : - 5°05 3°57 
Albuminoid ammonia - : - - 832 *486 
Chlorine as chloride - - - 21-7 55°2 
Oxygen absorbed in 15 min. - a 1516 1-092 
4 3 4hrs, - - - 4:076 2.405 
Dissolved organic solids - - - - 32°90 51:0 — 
7 mineral ,, - - - - 78°40 101°0 
Suspended organic ,,_ - ‘ - - 17°80 322 
% mineral ,, - - - - 11°40 113-93 





Yes ; except two small districts now remote from the main sewerage system, 
but which are at present being connected up. . 


The sewage from the two districts named in No. 4 is treated by means of a 
septic tank and continuous filtration. 


The outfalls are fitted with tidal flaps. A discharge can only take place 
when the head in the sewer is greater than the level of the tide. 


Usually at low water (see answer to No. 6). 
Rapid ; generally nearly at right angles to the line of sewers. 


The outfalls are into the river Avon. The depth of water at low tide depends 
upon the quantity of fresh water in the river ; the depth of water against 
the outfalls at high spring tide is about 18 feet. 

The difference in level between high water and low-water at ordinary spring 
tides is 41 feet. 


Only during a very dry season. 


——————————— 


_—— 
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Bristot—continued. 





QUESTION. ANSWER. 


11. Is there any considerable growth | No. 

of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the 
outfall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | No fishing takes place in that part of the river where the outfalls are 
as regards the effects of the situate. 
discharge on fish life ? 


14. Please furnish any further in- | The above particulars have veen filled in with the kind assistance of the City 
formation of a similar nature Engineer (Mr. T. H. Yabbicom, M.Inst.C.E.) and of the City Analyst 
which you may think useful. (Mr. F, W. Stoddart, F.I.C., F.C.S.). 


D. 8. Daviss, M.D., 
Medical Officer of Health. 


4.66 
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“CARDIFF. 





QUESTION. 


ANSWER. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


176,313 (Urban Sanitary District, Cardiff), estimated population middle of 1904. 


At the rate of 20 gallons per head of the population (dry weather flow). 


Ordinary domestic sewage from water closets. Trade effluents insignificant 
in amount, 





A typical analysis should be 
given, if possible. 


RESULIS oF ANALYSES OF CRUDE SEWAGE. 





CARDIFF AND COUNTY PUBLIC HEALTH LABORATORY, 





9, The Parade, Cardiff. 


Report on Analysis of Sample of Sewage. Received. on March 11th, from Dr. 
Nee oe Labelled Main Sewer Outfall. West side of Taff. Under water at 
igh tide. 





No. of Sample - - - - - | 316. 

Date of Analysis : - - - | March 12th—19th. 

Appearance in-two-foot tub - - | Very turbid. Considerable amount of 

4 suspended matter. 

eaction - - - 4 - - | Alkaline. 

ae nen Soles - - Pk oe containing org. m. 27°2 
a.) In Solution - 2 -| 2 0:2 ae 18°] 
(6.) In Suspension f= 16'1 a . 9:1 

ravages on Ignition Bnd Considerable blarkening. 

hlorine— - - - - S| 10-8. 

Nitrates and Nitrites-  - - Ls a) Nil, 

Oxygen absorbed from Perman- | ~‘é| 3°51. 
ganate (in 4 hours at 80° F.)| £3 

Saline (or “ Free”) Ammonia -| & | 2°53. 

Organic (or ‘Aibuminoid”) | ¢ 03. 
Ammonia : - at) 

Keeping Properties - - - - 

Incubator Test - - - 7 days | 

Oxygen absorbed in 3 mins. | Distinctly putrescible. 
Before -— - - 1°34 | { Increase in readily oxidizable matter 1-98 
After - - - - 3°32 | 





Chemical analysis shows the sample to be a sewage of a moderately strong 
character, containing nitrogenous organic matter in fairly large amount, and a 
considerable amount of suspended matter. It is distinctly putrefactive. 


21st March, 1904. J. H. SUGDEN. 


Report on Analysis of Sample of Sewage, received on March 11th, from Dr. 
Waliord. Labelled Sewer Outfall. East side of Taff. Under water at high tide. 





No. of Samp'e - - - - Sel cule 
Date of Analysis - - - - | March 12th-19th. ; 
Appearance in two-foot tub - - | Very turbid. Large amount of suspended 
matter. 
Reaction - - - - - - | Alkaline. 
Total pee eee! - -) ~ | 423°7, containing org. m. 714 
(a). In Solution - -| 2 395°5 A ; 48°9 
(6). In Suspension - - S PASOAs OBE 5: Se 22°5 
Appearance on ignition -| 3.3} Large blackening. 
Chlorine aie - : = Nee Se OOsO: 
Nitrates and Nitrites - By %| Very faint traces. 
Oxygen absorbed from Perman-| » 5 
ganate (in 4 hours at 808 F.) aS 6°51, 
Saline (or ‘ Free’) Ammonia aro 
Organie (or ‘* Albuminoid ”) £ 
Ammonia-— - . - -) BES ; 
ee Se - - oe - | Strongly putrescible. 
neubator Test - - - ays 


: A y , i 
Oxygen in 3 minutes (absorbed) : Increase in oxygen absorbed by readily 
Before - - - : 50 oxidizable matter 3°86. 
After - - - . 36 | 


oF 


The large amonnts of chlorine and of solids in solution indicate a considerable 
admixture with sea water. 

The results of the analysis show that this sample is a stronger sewage than 
No. 316; the putrescibility, albuminoid ammonia, oxygen absorbed, and also 
the suspended matter all being greater. 


Marezh 2ist, 1904. J. H. SUGDEN. 
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CaRpDirF—continued. 





QUESTION. 


ANSWER. 





4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
pcheaed at all states of the 
tide ? 


7. If not, during what period and 


at what state of the tide does. 


the discharge take place 


8 Are the tides sluggish or rapi 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (0) at 
high (spring) tide ? . 


10. Has any nuisance arisen at any 


time either in the neighbour- 
hood of the outfall or on the 
foreshore 2 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima, or the different 

“varieties of 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids. 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life. 


14. Please furnish any further in- 
formation of a similar nature 
* which you may think useful. 






Rapid. Ebb tide in westerly direction. 


enteromorpha) | 


Yes. 


Yes. 


Flood tide. in easterly direction 
Height of tide between 30 and 40 feet. 


Close to the shore, exposed from about half. ebb to half flood tide during 
spring tides ; and entirely exposed at neap tides at high as. wellas at low 
water. 


In summer there is occasional nuisance by deposit of sewage on river bank, 
brought up River Taff on flood tide. Evidence of deposit at some places 
on foreshore. No nuisance detected, no inhabited house near. 


No. 


Nothing beyond small deposits mentioned in No. 10. 


Sewerage extension scheme now being curried out, by which western sewer 
outfall will be carried below low water line on the foreshore, abcut eight 
miles to the west of the situation of the present outfall in the mouth of 
the River Taff. 


Epwarp.WatrorpD, M.D., D.P.H., 
Medical Officer of Health. 
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SR Rt lA a i a 
CARMARTHEN. ‘ = 
(QUESTION. | ANSWER. 
1. Population of drainage area? - | About 8,500. 


2, Approximate volume of sewage | 250,000 gallons. 
discharged per diem ? 


3. Nature of sewage and trade | The sewage is of the nature usual in a town where the water-carriage 
effluents (if any) ? system prevails and there are practically no tra des. 


A typical analysis should be | No analysis available. 
given, if possible. 


4, Is the sewage discharged in the | Yes. 
crude state ? 


. If not, to what process of treat- 
ment is it first subjected ? 


Or 


A typical analysis of the treated eerie 
sewage should be given, if ; 
possible. ‘ 


6. Js the sewage or treated effiuent | Yes. 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place? ~ 


8. Are the tides sluggish or rapid | Fairly rapid—to and fro. | 
near the point of outfall, and 
what is their direction ? 


9, At what distance from the shore | The outfall is into a tidal river, eight miles from the sea. The outfall isa few 
is the outfall situated, and in feet above the water level at low tide and is submerged for a short time 
what depth of water (a) at at high spring tides. 
low (spring) tide and (6) at 
high (spring) tide ? 


10, Has any nuisance arisen at any | Not to my knowledge. 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth | No. 
of green sea weeds (such as 
ulva latissima or the different 
varieties of _enteromorpha) 
near the outfall or along the |. 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made A suggestion was once made that the use of disinfectants might possibly prove 
as regards the effects of the injurious to the fish, but there was no evidence of this being the case. 
discharge on fish life? 


14, Please furnish any further idt- 
formation of a similar nature 
which you may think useful, 
Li, Bowen Jones. 


Oe 
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CARNARVON. 





() UESTION. 


1. Population of drainage area ? 


2. Approximate vo'ume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
givn, if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
what state of the tide does the 
discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring). tide and (4) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour. 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the 
outfall or elsewhere caused by 

_ deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life? 


14. Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


6225—Ap. VI. 











About 9,500. 


About 350,000 gallons. 


Ordinary domestic sewage. 


Yes. 


ANSWER. 





Yes ; excepting when outfalls are tide-locked. 


2% knots at neap tides, 
34+ knots at spring tides, 


In a north-easterly and south-westerly direction through the Menai Straits. 


About 100 feet distant from shore. 


(a) About 2 feet. 
(6) About 16 feet 


Not much. 


Not from sewage solids, but there are extensive mud deposits at the mouth 
of the river Seiont, and along the shore. This mud is to some extent 


impregnated with sewage. 


Carnarvon. 


Pp. Fraser, M.D., 
Medical Officer of Health. 
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LL 


QUESTION. 


> — == 


CHATHAM. 





ANSWER. 





—_ 


. Population of drainage area ? 


2. Approximate volume of sewage 
discharge] per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible, 


4, Is the sewage discharged in the 
crude state 4 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should he given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At wnat distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the differ- 
ent varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life? 


14. Please furnish any further thor 
mation of a similar nature 
which you may think useful ? 


About 40,000, 


No data. 


There is at present no system of drainage in Chatham. LExcrement and 
waste water stored in cesspools, contents of which are emptied on to 
land. 


Some sewage is discharged into the Medway in its crude state, notably from 
Government establishments. 


Yes. 


Nuisances exist from the pollntien of the foreshore at many points but there 
are no sewage outfall works, 


No further information available. 


J. HoLroyDeE. 
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QUESTION. 


1. Population of drainage area? 


2, Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any)? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7, If not, during what period and 
at what state of the tide does 
the discharge take place? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (4) at 
high (spring) tide. 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


6225—Ap. VI. 


CHICHESTER. 





ANSWER. 





About 13,500, as it includes the asylum and barracks. 


All depends on the rainfall and subsoil water—dry, and when subsoil water 
under sewer, about 600,000 gallons ; but when subsoil water high, quite 
3,000,000 gallons, Vr 


One tannery and one brewery with the house sewage. 


It varies so very much. I went to the manager of the sewage works and 
asked him for report of an analysis, but he has not any. Lord Gifford 
has brought an action against the Corporation for impure effluent, but 
the chemical analysis of the town and Lord Gifford’s chemist differ very 
much in their reports. 


It is first treated with lime and chemicals, then precipitation, then filtration 
from a sprinkler. 
The chemical used the last year :— 
211,;% yards of white lime. 
1,724 bags of grey lime. 
37 tons 174 ewt. of alumino ferric. 
50 tons 8 ewt. of sulphalumni. 


I have tried to get a copy of the analysis, but, as before, the experts disagree 
very much (Lord Gifford v. The Town Council). Dr. Foulerton has also 
eee a report, and taken samples of the harbour water in six different. 
places. 


It is discharged after the tide has turned, but sometimes when there is very 
much the effluent tank is not empty at low water. 


Not any tide. It is only the rise and fall of the tide. 


About 10 yards. ie ; 
At low tide the outfall pipe is always quite uncovered. 
At very high tide about five or six feet of water over it. 


Lord Gifford’s evidence stated there was I have not noticed any myself. 


Very little sea weed of any kind near the outfall pipe. 

T cannot find or see any of these sea weeds nor can I find that anyone has 
seen them. 

After the effluent leaves the pipe, it then runs down a stoney channel. There 
ig a small, hard, dark sea weed grows in this part. 


bo 
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CHICHESTER—continued. 





QUESTION. ANSWER. 





12. Is there any evidence as to the | I believe not. 
formation of sludge banks in 
the neighbourhood of the 
outfall or elsewhere caused 
by deposit of sewage solids ? 


| There are very few shellfish, and not so many until you get half a mile down 


13. Have any complaints been made 
the main channel. I have never seen a dead fish myself. 


as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- | Lord Gifford is the only person to my knowledge having made a complaint, 
and the case is still on, and there is another hearing next November 


formation of a similar nature 
which you may think useful. | before Justice Channell at the Law Courts. 


R. HuMPHRY, 
Medical Officer of Health. 
Chichester. 
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()UESTION. 





1, Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3 Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. ’ 


4, ls the sewage discharged in the 
crude state ? 


5, If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8, Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. ls there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decompos- 
ing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life? 


14. Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


CHRISTCHURCH. 


ANSWER. 


4,024. 


Part only of district is sewered, discharging into rivers at various places, also 
into streams and watercourses, &c. It is somewhat difficult to give even 
an approximate calculation of volume of sewage discharged. 

Notr.—A new scheme for dealing with the whole borough and treating 
sewage with open septic tank and bacterial filters bas just received the 
approval of the Local Government Board. 


The nature of the sewage is purely domestic, there being no trade effluent. 


In crude state. 


Yes. 


Rapid in rivers, sluggish in streams and watercourses &c. 


Outfalls in river about three feet from river banks, At low spring tides 
about one foot below, and high spring tides about five feet. 


Not from outfalls in rivers, but in streams and watercourses they are a con- 
stant source of nuisance. 


Sludge in small quantities is deposited at times around outfalls in rivers, 
which are periodically cleaned, Watercourses and streams are also 
cleaned several times yearly. 


R. Luoyp LEGATE, 
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COLCHESTER. 








I 


10. 


1 


13 


14 


(QUESTION. 





. Population of drainage area, ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. [f not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (6) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 

f 

. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


- Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


ANSWER. 





40,000 about. 


950,000 to 1,000,000 gallons. 


Mostly domestic sewage, but also receives the brewery waste from three 
breweries, also one tannery. 


No analysis at present available. 
No. 


Precipitation and purification by bacteria beds. 

The sewage passes first into a number of settling tanks, with a combined 
capacity of 1,436,000 gallons. 

F on these sedimentation tanks the sewage is subsequently run into filter 

eds 

These are six in number, with an area of 1,200 cubic yards, and consist of 
breeze and clinker to about a depth of 4 feet. From these beds the puri- 
‘fied effluent passes into the river. 

The sludge from the sedimentation tanks flows by gravity to tanks where it 
is mixed with lime and pressed into cake in sludge presses. This sludge 
cake is sold to farmers at nominal prices. 


No analysis of effluent at present available, but specimens kept in stoppered 
bottles in warm place remain quite inoffensive for at least six weeks 
(maximum period of testing). 


No. 
Discharged on the ebb tide, as far as possible midway between ebb and flood.. 


Tides about three miles per hour. Tides from §.E. to N.W. 


On the foreshore of the river. Invert of discharge pipe is 44 to 5 feet above: 
the bed of the river. 


Not since 1884. 


Nil. 


No evidence. 


Nil. 


| 
Wittiam G. SAVAGE. 
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CONWAY. 





(JUESTION. ANSWER. 





1. Population of drainage area? - | 4,000, 


2. Approximate volume of sewage | 140,000 gallons. 
discharged per diem ? 


3. Nature of sewage and trade | Weak domestic sewage. 
effluents (if any) ? 


A typical analysis should be ANALYSIS, 
given if possible 
Examined, 29th January, 1904. 


Feecal odour well marked. Parts. 
Free and saline ammonia - - - - - = 0'300 per 100,000 
Organic ammonia - - - 07140 ,, 100,000 
Chlorine - . - - - - 7 5, 100,000 
Nitrogen as nitrates and nitrites. - Practically inestimable, the 
amount being very small. 
Oxygen absorbed in two hours at 80° F. - . - 1:25 per 100,000 
Solid residue - - - - - . - 40 parts ,, 100,000 


There was marked charring of the residue. 


(Signed) F. N. Menziss, M.D., M.R.C.P. Edin., 
King’s College Laboratory, 
London, 


4, Is the sewage discharged in the | Yes. 
crude state ? 


5. If not, to what process of treat- Be Seek fe 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent | Yes. 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? % 


8. Are the tides sluggish or rapid | Rapid, about 44 knots per hour. Up and down the river channel alternately. 
near the ee of outfall, and 
what is their direction ? 


9. At what distance trom the shore | The outfalls are situated at low spring tide mark, and at high tides would 
is the outfall situated, and in have over 20 feet of water over them. 
what depth of water (a) at 
low (spring) tide and (6) at 
high (spring) tide ? 


10. Has any nuisance arisen at any Nothing serious. 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ¢ 


11. Is there any considerable growth | No. 

of green sea weeds (such as 

ulva latissima or the different 

varieties of enteromorpha) 

near the outfall or along the 

coast, and, if so, does a & 
nuisance ever arise In warm 

weather from the weeds being 

washed ashore and decom- 

posing # 
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‘ ! 
(JUESTION, ANSWER. 





12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ! 


13, Have any complaints been made | Once, when the Conway gasworks discharged ammoniacal liquor into a 
as regards the effects of the stream. This has long been discontinued. 


discharge on fish life ? 


Please furnish any further in- — 
formation of a similar nature 
which you may think usefui. 


P. Fraser, M.D., B.Sc., 
Medical Officer of Health, 


Carnarvon 


: 
' 
: 
~ 
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12. 


13. 


14, 


QUESTION. 


. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide? 


~ Af. not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (6) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the -outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfail or along the 
coast, and, if so, does a nuisance 
ever arise In warm weather 
from the weeds being washed 
ashore and decomposing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


Please furnish any further infor- 
mation of a similar nature 
which you may think useful. 


6225—Ap. VI. 


COWES, ISLE OF WIGHT. 


ANSWER. 


9,000. 


135,000 gallons. 
Domestic. 
No analysis available. 


Yes. 


Yes. 


ERapid. North and south inside the harbour, and east and west outside. 


The outfall opposite Sun Hill is situate 170 feet below high water mark, and 
is covered with a depth of 2 feet of water at low water springs and 
144 feet at high water springs. The outfall at Egypt Point is situate 
250 feet below high water mark, and is covered with a depth of 10 feet 
of water at low water spr ngs, and 223 feet at high water spring tides. 
The outfall opposite Brunswick Road is situate 2v0 feet below high 
water mark, and is covered with 2 feet of water at low water springs and 


144 feet at high water. 


No nuisance attributable to sewage. 


There is a considerable growth of green sea weeds along the coast, and a 
nuisance has occasionally arisen from the weeds being washed ashore. 
It is only during the prevalence of strong westerly winds that the 
sea weed accumulates on the shore, and the nuisance is abated by the 
same being collected and barged away. No accumulation of sea weed 
takes place in the immediate neighbourhood of the outfalls. 


None whatever. 


No. 


WiiiiamM HorrMeister, M.D. 
Medical Officer of Health. 
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CROMER. 





(JUESTION. 


ANSWER 





1. Population of drainage area ? 


2. Approximate volume of sewage 
dachareed per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and at 
what state of the tide does the 
discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the differ- 
ent varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as ‘to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


3,976 resident ; 8,000 (approximate) during season. 


80,000 gallons during winter ; 


season (summer 
months). 


160,000 gallons during 
Ordinary urban sewage ; no trade sewage. 


No. 


Passed through septic tanks (not filtered). 


Yes. 


Strong current ; east and west. 


When first installed it was 630 feet from shore ; is now being extended to a 
distance of 720 feet. (qa) 4 feet, (b) 18 feet. 


Originally the outlet was just at the end of the pier, and it was found that at — 
still low tides the effluent from the septic tanks slightly discoloured the 
sea at the outlet, and for this reason the outlet is now being extended sea- 
wards by a distance of 90 feet. 


Yes ; about the end of August there is a considerable amount of sea weed 
deposited on the beach when the wind is off the sea, and if left im situ it 


becomes sand-logged and very offensive. It has no connection with the 
outflow effluent. 


Sypnzy H. Lone, M.D., 
37, St. Giles’ St., Norwich. Medical Officer of Health, Cromer. 


27th February, 1904. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 479 





DARTMOUTH. 





(QUESTION. 


ANSWER. 





10. 


phil 


12. 


13. 


14, 


. Population of drainage area ? 


. Approximate volume ef sewage 


discharged per diem ? 


Nature of sewage and _ trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


Please furnish any further infor- 
_mation of a similar nature 
which you may think useful. 


6225—Ap. VI. 








About 6,500. 


195,000 to 200,000 gallons. 
Ordinary house sewage. No trade refuse except one small brewery. 


There has been no analysis. 


Yes. 


From three hours after high water until three hours before high water again. 


Very rapid. About four knots per hour. 


About 45 feet. i er 
(a) 5 feet 6 inches low spring tide. 


-(6) 18 feet 6 inches high spring tide. 


No. 


‘The outfalls are carried well into the bed of a very swiftly flowing river, and 
after 16 years’ experience in the sanitary matters of the district, I have 
never seen any signs of sewage in the river or fouling of the foreshore. 


Joun H. Harris, M.D., D.P.H., 
Medical Officer of Health. 
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10. 


Vas 


()UESTION. 


. Population of drainage area? = - 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and_ trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


Is the sewage or treated effluent 
diechereas at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction 2 


L At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall er on the 
foreshore ? 


= 
wm 


there any considerable growth 
of green sea weeds (siach as 
ulva latissima or the different 
varieties of —enteromorpa) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 





DEVONPORT. 


ANSWER. 


74,335, estimated to December 1904. 


Norr.—The drainage area is served by two water companies, Devon- 
port and Plymouth ; the former company serves a population of from 
68 to 69 thousand. In this area the quantity of water used is about 
22 gallons per head per day for domestic purposes, besides 13 gallons for 
meter supplies, including Admiralty supply. As most of this water runs 
to waste, it would give 68,000 x 35 = 2,380,000 gallons poured daily into 
this tide as sewage. 


Mainly domestic. No large factories. 


Yes, save that about 200 houses in a rural area are drained into a septic 
tank (Exeter patent), which system is to be further extended to take in 
a large and scattered area, involving at present many hundreds of houses, 
and likely to be much increased. 

The effluent of the small tank above is clear and free from smell. This is 

discharged into the tide. 


This is the only point from which any water finds its way into the Hamoaze 
from the outside area, served by the Plymouth Water Company, except 
the overflow from one cesspit. Many houses here are drained into 
cesspits ; so that practically there is no amount of any importance of 
polluted water discharged from this area seeing that the effluent from 
this septic tank is free from colour and smell, and the amount of crude 
sewage discharged is small, being derived from less than 100 houses: 


Practically pure. 


At all states. 


Tides are rapid for the most part but there is some backwater which is 
polluted to a great extent. The Admiralty have forbidden the discharge 
of any more untreated sewage into the tidal river, the Hamoaze, which 
emerges into the Tamar. 


ee are three main outfalls, two directly discharging into water along 
shore. 


It has ruined a bathing place close by, discolouring the water, and causing 
accumulation of waste paper, &c. 


Not that I am aware of ; the rapid current would prevent this save in some ) 
quiet corners and backwaters to a limited extent. 
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DEVoNPORT—continued. 





QUESTION. ANSWER. 





12. Is there any evidence as to the ; An estuary has been gradually filled up, and being offensive has been filled 


formation of sludge banks in in and made into a public garden for some distance, but the remainder 
the neighbourhood of the out- towards the sea is ruined for purposes of navigation, save at high tides. 
fall or elsewhere caused by This filling up or silting is much due to sand, which was for long a 
deposit of sewage solids ? trouble, in causing choking of the drains }:efore discharge into the estuary. 


13. Have any complaints been made | Not that I know of, but there is practically no fishing in the water under 
as regards the effects of the consideration. When the sewage gets carried out into the Plymouth 
discharge on fish life ? Sound, it becomes mixed with the sewage of that town, with what results 

to fishing I do not know. 


14. Please furnish any further in- —— 
formation of a similar nature 
which you may think useful. 


J. A. May. 
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DOVER. 


rv 


(QUESTION. 


ANSWER. 


a 


1: 


2. 


=I 


10. 


14. 


Aik 


alk 


Population of drainage area ? 


Approximate volume of sewage 
discharged per diem ? 


. Nature of sewage and_ trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction 2 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at bigh 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


™m 


there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha)near 


the outfall or along the coast, | 


and, if so, does a nuisance 
ever arise in warm weather 
from the weeds being washed 
ashore and decomposing ? 


QR 


there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


- Have any complaints been made 


as regards the effects of the 
discharge on fish life ? 


Please furnish any further in- 
fermation of a similar navpre 
which you may think usefal. 


44,000, 


1,100,000 gallons. 


Ordinary sewage with one brewery and three paper mills. 


Yes. 


Yes. 


Rapid ; about six to seven knots per hour, in a westerly direction. 


1,220 feet. 
(a) 26 feet 
(b) 45 feet. 


Not since the outfall was extended many years ago. 


Sea weed does exist between the outfall and the shore. Weeds have beer 
washed ashore, but not to any serious extent, in recent years, 


Not recently. 


No. Fish congregate and are caught near the outfall. 


With certain winds, the Medical Officer of Health has noticed the floating 
sewage blown towards the shore, and he does not bathe under such con- 
ditions. The inhabitants and visitors do not appear to notice the same, 


M. K. Rosrnson, M.D. 
Medical Officer of Health.- 
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DUBLIN. 


a a re a ee ee ee 


QUESTION. 


ANSWER. 


ee ee 


Ms 


10. 


iL: 


12. 


. Nature of 


Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? . 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha)near 
the outfall or along the coast, 
and, if so, does a nuisance ever 
arise in warm weather from 
the weeds being washed ashore 
and decomposing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13, Have any complaints been made 


as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- 


formation of a similar nature 
which you may think useful. 


Estimated population 324,000 (for present drainage scheme), and which may 
yet be increased by 58,126 under the terms of the Extension of the 
Boundaries Act, 1900, 


5,010 cubic feet per minute wet weather flow for 324,000. 


Except breweries and distilleries, there are no manufactories in Dublin of 
any 1mportance. 


At present it is discharged into the river, along the quays, north and south 


in its crude state. 


Works in connection with lime precipitation are in course of construction at 


Pigeon House, and will be completed in about fifteen months (from 
March, 1904). 


It will be. 


The outfall for the new outfall works, which is not yet working, is 35 ft. from 
shore ; (a) outlet just covered at low water of spring tide ; (6) top of outlet 
is 13 ft. under high water of spring tide. 


Ulva latessima is noticed at the point of outfall at present, though there is no 
sewage discharge from it. 


A bank seems to have accumulated at the west of the Outfall Works, 
probably from a storm outlet of the Rathmines and Pembroke Main 
Outfall Sewer. 


SPENCER Haltty, 
Dublin. 
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fond 


10, 


11. 


12. 


13. 


QUESTION. 


. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


Atypical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


uf 


mM 


there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing % 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any furtheryin- 


formation of a similar nature 
which you may think useful. 


CITY OF DUNDEE. 





ANSWER. 





About 163,000. 


About 8,000,000 gallons. 


Principally domestic sewage. Effluent in very small proportion from dye 


works. 


Yes. 


Sewage discharged at all states of the tide. 


Sluggish at neap tides, and at the turning of the tides. _At spring tides the 
velocity is between four and five miles per hour. Direction in the flow 
westwards, and in the ebb eastwards. 


Main outfall practically in the line of ' jetty at harbour ; (a) at low spring 
tide outfall just covered ; (4) at high spring tide, covered to a depth of 
15 feet. 


No complaints. 


No. 


Sludge banks formed at the main outfalls. They are wholly composed of 
sand and mud, washed off the streets and roads, and carried by the 
sewers into the river. As the tide is not strong enough to scour away 
the deposit, the harbour trustees have to dredge away the banks as they 
form, to prevent interruption to navigation. 


No. 


The foregoing answers apply to the two principal outfalls at the east end of 
the harbour. There are five other small outfalls to the west of these 
which give no trouble. All the outfalls discharge into the estuary of the 
Tay, and it {may be stated that there is no trouble or nuisance from the 
discharge, 
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EASTBOURNE. 





(QUESTION. 


1. Population of drainage area ? 


ps ee volume of sewage 
ischarged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? aee 


A typical analysis should be 
given, if possible. aE 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected? ~ 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at-all states of the 
tide. 


7. If not, during what period and 
at what state of the tide does 
the discharge take place. 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9, At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (6) at 
high (spring) tide. 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of. green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by a 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life? 


14. Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


6225—Ap. VI. 


ANSWER. 


Estimated 1904, 45,750. Census 1901, 43,344. 


2,000,000 gallons, excluding surface water not passing into sewers. 


Yes. 


An ordinary effluent of a residential non-manufacturing town. 


Yes ; either by gravitation or partly by ejectors (Shore’s pneumatic system)... 


Rapid. Outgoing tide almost direct to sea. 


240 feet. 


(a) 3°26 feet. 
(6) 23°65 feet. 


There are no dwellings near the outfall, but I have received an occasional 
complaint from a village two or three miles away on the seashore. I 


have altogether had 
general, not specific. 


No. 


about four complaints in ten years, and those 


No ; fishing is good in the immediate vicinity. 


Eastbourne. 


W. G. WitLtoucusy, M.D. Lond. 
Medical Officer of Health. 
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“ EXMOUTH — 





10. 


ial 


12. 


13. 


14, 


QUESTION. 


. Population of drainage area? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


ettiuents (if any) ? 


A typical analysis should be 
given, if possible ? 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


If not, during what period and 
at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, 
and what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (0) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is 


mM 


tlere any considerable growth 
of green sea weeds (such as 
ulva~ latissima or the differ- 
ent varieties of enteromorpha) 
near the outfall or along the 
coast, and, ifso,doesa nuisance 
ever arise in warm weather 
from the weeds being washed 
ashore and decomposing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the 
outfall or elsewhere caused by 


deposit of sewage solids ? 


LR 


Have any complaints been made. 


as regards the effects of the 
discharge on fish life ? 


Please furnish any further infor- 
mation of a similar nature 
which you may think useful 2 


ANSWER. 





10,800. 


2,500 gallons 
Ordinary household w.c’s. No trade effluent. 


Yes—though the sewer is probably tide-locked for some hours about high 
water. : 


Rapid—sometimes 5 or 6 knots at springs. 
e 


400 yards—13 ft. below ord. datum. (a) 8 ft. below low water. (b) 20 ft. 
below high water at ordinary spring tides. 


There was formerly considerable nuisance before outfall was carried further 
out into the Channel, from deposit of sewage upon the foreshore, but 
since alteration there has been little or no nuisance. 


, 


Not so much growth now as formerly. There is now very little evidence of 
decom posing weed. I know the coast well, and have noticed that wlva 
latissima is only plentiful where the water is contaminated with 
sewage, and am of the opinion that the weed itself is not offensive 
when decomposing, but that it is weed plus sewage caught in its 
meshes which gives rise to the nuisance. Per seared 


from one to five miles higher up. The sewers at Starcross discharge 
through several openings in the sea-wall on to the foreshore. There 
ulvadatissima is plentiful and stinks abound, and as the village is 
situated in a bend of the harbour called “The Bight,” there is a good 
deal of slack water, and the sewage is not rapidly carried away. 


No 
The villages of Starcross, Lympstone, and Topsham discharge into the river 
J 


Fy tye 


O. Eaton. 
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_ FOLKESTONE. 
QUESTION. ‘ ANSWER. 
+1: Population of drainage area ? OR OEON ne tot yt tee gee fo a 7,898 
Potkestone “00,30, Sev.) ab Str) SM £29,186 
Shorncliffe Camp - 3efeisa - (HAwausdtts 4,683 





44,731 


2. Approximate volume of sewage | 24 million gallons. 
discharged per diem ? 


. Nature of sewage and trade | Purely household with abundance of spring water. No trade effluent. 
effluents (if any) ? 


A typical analysis should be | Sample taken at 11.15 am., March 9, 1904, All numerical results are 


given, if possible. expressed in grains per gallon :— 

Colour in 1-inch layer” - . - . _ straw 
Appearance - - - - - : very flocculent 

Smell - - - - - - - distinctly offensive 
Re-action - - - s) .¢ 7, -  —- alkaline 

{ organic - - Perr Bs DOURO AY 

Suspended matter‘ mineral = - : ee ee Te 12°32 

total - - - - - 38°43 

Matter in solution - - ete aero mu~t = 63°45 

Yielding :— 

Combined chlorine OS eee 7°28 
Nitrogen as nitrates and nitrites - - - - 0°36 
Ammonia - - - - - - . - 911 
Albuminoid ammonia - silt, 72 077 
Oxygen absorbed in 6 hours” - - - - - 4°62 


. Is the sewage discharged in the | Yes. 
crude state ? 


. If not, to what process of _treat- —— 
nent is it first subjected ? 


A typical analysis of the treated —_——— 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent | Yes. 
discharged at all states of the 
tide ? 


. If not, during what period and eer 
at what state of the tide does 
the discharge take place ? 


. Ave the tides sluggish or rapid | The tide is very sluggish and has a rotatory motion. The position of the 
near the point of outfall, and outfall is in a small bay on the east side of the harbour and pier, the pier 
what is their direction ? forming the western arm of the bay, which protects 1t from the full force 

of the Hood tide producing a back water. The ebb tide has no scouring 


effect at the outfall. 


. At what distance from the shore | The outfall is on the foreshore, 1 foot above the level of low (spring) tide. 
is the outfall situated, and in The spring tide rises 20 feet. 
what depth of water (a) at low 
(spring) tide and (/) at high 
\spring) tide ? 


. Has any nuisance arisen at any | During a prevalence of easterly or south-easterly winds sewage is driven into 
time either m the neighbour- the harbour and accumulates on the landing stages of the railway pier. 
hood of the outfall or on the 
foreshore ? 


6225—Ap. VI. 3U 2 
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FoLKESTONE—continued 
a en ey nL 
QUESTION. a ANSWER. “irk Teot iy 
oo ee See 


11, Is there any considerable growth | There is a certain amount of green sea weed on the rocks in ‘the immediate 


of green sea weeds (such as vicinity of the outfall. The quantity, however, is two small to be 
ulva latissima or the different appreciable if washed ashore, and has not to my knowledge given rise to 
varieties of _enteromorpha) nuisanee. - 9° i:) } Saitions ; t 


near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decompos- 
ing. 


12, Is there any evidence as to the | No. 
formation of sludge banks in - 
the neighbourhood of the out- | - 1a Lasie ; 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made { No. if 
as regards the effects of the i aden 3h m 
discharge on fish life ? 


44, Please furnish any further in- : A ———— 
formation of a sitnilar nature | 
which you may think useful. 

M.G. Y. Bateman, 


Medical Officer of Health. 


pee 
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COUNTY BOROUGH: OF GRIMSBY. 


QUESTION. 


ANSWER. 





Population of drainage area. 


_ 


bo 


, js cade onal! volume of sewage 
ischarged per diem. 


ad 


Nature of sewage and _ trade 
etfluents (if any). 


A typical analysis should be 
given, if possible. 


. ls the sewage discharged in the 
crude state ? 


fs 


If not, to what process of treat- 
ment is it first subjected ? 


oO 


A typical analysis of the treated |. 


sewage should be given, if 
possible. 


_ 6, Isthe sewage or treated effluent 
discharge at all states of the 
| tder ; 


If not, during what period and 
-at what state of the tide does 
the discharge take place ? 


% 


Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ?- 


At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 


S 


low (spring) tide and (0) at 


high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 


posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 
formation of a sim:lar nature 
which you may think useful. 


63,138 (1901 census). 


Two million gallons. 
Ordinary domestic sewage. No trade effluents. 


Yes. 


Yes. - 


The sewage is discharged into the Humber, about seven miles from the 
mouth.. The current is quick during the outgoing tide, and sluggish or 
stationary on the incoming. : 


Outfall about low water, neap tide level, or say 4°75 ft. below ordnance 


datum ; (a) low spring tide is 4°25 ft. below outfall ; (6) high water 
spring tide is 15°75 ft. above outfall. 


The outfall itself (practically adjoining the Fish Dock) is in the hot weather 
undoubtedly a nuisance, and the backing up of sewage on the foreshore is 
a danger to which the attention of this authority has been frequently 
drawn. 


No. 


No. 


T. Newsy, M.D. 
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10. 


Lie 


12. 


QUESTION. 


. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be~ 


given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of _enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 


as regards the effects 


of the 
discharge on fish life? 


14. Please furnish any further in- 


formation of a similar nature 
which you may think useful 


ANSWER. 


9,000. 


10 gallons per head of population—90,000 gallons. 


No trade effluent. 
Yes. 
No. The whole of the sewage is contained in a storage sewer and is dis- 


charged through 18 inch C.I. pipes into the sea by opening a penstock 
one hour after high water. 


Penstock opened one hour after high water, and—assuming storage sewer to 
be full—it will take 14 hours to 2 hours to empty. 


Rapid ; direct out to sea, in the direction of the Cork lightship 


100 feet from the extreme end of stone b eakwater in 22 feet water low 
spring tide, 33 feet high spring tide. 
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HASTINGS, 
QUESTION. ANSWER. ‘ 

1. Population of drainage area ? 67,000. 

= aa roximate volume of sewage | 1,050,000 gallons 

ischarged per diem ? 

3; Nature of sewage and trade | Almost entirely ordinary domestic sewage. All . water-closets we many 

effluents (if any) baths. 
A typical aualysis should be 
given, if possible. 

4. Is the sewage discharged in the | Yes. 
crude state. 

5. If not, to what process of treat- santainestnes 
ment is it first subjected ? 

A typical analysis of the treated —-—— 
sewage should be given, if 
possible. 

6. Is the sewage or treated effluent | No; discharged intermittently. 
discharged at all states of the 
tide ? 

7. If not, during what period and | Eastern outfall_—Discharge two hours after flood tide commences to flow. 
at what state of the tide does Flood tide flows eastward. . 
the discharge takes place ? Western outfall.—Discharge four hours before low water. Ebb tide flows 

westward. : 

8. Are the tides sluggish or api Eastern outfall.—F lood tide very strong, eastward. 
near the point of outfall, and | Western outfall.—Ebb tide slack, westward. 
what is their direction ? 

9. At what distance from the shore | Eastern outfall about 580 feet ; mouth of outfall is 1 foot 9 inches below low 
is the outfall situated, and in water level. High water spring tide about 25 feet 6 inches above invert 
what depth of water (a) at of outfall. 
low (spring) tide and (4) at | Western outfall about 250 feet from shore. Mouth of pipe above low water 
high (spring) tide ? he about 8 feet 6 inches, and 15 feet 6 inches below high water spring 

PARTON EG tide ‘ 
10, Has any nuisance arisen at any Eastern outfall.—Not to my knowledge. 


11. 


12. 


13. 


time either in the neighbour- 
_ hood of the outfall or on the 
foreshore? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


Hawe any complaints been made 
as regards the effects of. the 
oe on fish life ? 


14, Please furnish any flsthes in- 


formation of a similar nature 
which you think useful. 


Western outfall.—Very occasional complaint has been made of smell when 
ae in the west. 


No. 


No. 


Western outfall is about to be considerably lengthened. 


A. ScaRLyn WILSson, 


Hastings, March 8th, 1904. Medical Officer ot Health 
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QUESTION. 


BULL. 


ANSWER. 





10. 


11. 


. Population of drainage area ? 


Be cas volume of sewage 
scharged per diem ? 
. Nature of sewage and trade 


“effluents: (if any)? © 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should 
possible. 


. Is the sewage or treated eftluent 


discharged at all states of the 
tide 


. If not, during what? period and 


- at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) atlow 
(spring) tide and (0) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latessima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arlse in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 


formation of sludge banks in 
the neighbourhood of the 
outfall or elsewhere caused 
by deposit of sewage solids ? 


13. Have any complaints been made 


as regards the effects of the 
discharge on fish life 2 


. Please furnish any further ijafor- 
mation of a similar nature 
which you may think useful ? 


be given, if> 





About 250,000. 


12,000,000 gallons in dry weather. 


Dilute domestic sewage with a considerable quantity of condensing water 
from works on River. Humber. Trade effluents sis Few tenements 
or small houses built prior to 1903 have w.c.’s. _ ; 


Yes. 


Rapid, direction at right angles to direction of outfall in both directions (up 
and down). tis ae 


The outfalls are in the face of river walls, 9°50 and 10°0 below Ordnance 
Datum. L.W.O.8,T. is 10°10 below O.D. and {H.W.O.8.T, 12°27 above 


No, but the Humber is heavily charged with silt, and, as ea stated, 
the currents are rapid. 


No. There is no considerable growth of sea weed in any part of the Humber, 


No. 


The minimum width of the Humber ae Hull is 13 miles and the 
velocity of tide ranges up to about 7 miles per hour. 

The sewage is pumped into the Humber at all states of the tide, and so long _ 
-as-the Saal is well submerged the presence of sewage can scarcely be - 
detected at the point of discharge. 


A, EK. WHITE, 


27th February, 1904, City Engineer. 
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(QUESTION. 


ILFRACOMBE. 


ANSWER. 





oJ 


10. 


11. 


12. 


13. 


14. 


. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth cf water (a) at 
low (spring) tide and (#4) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


I 


iv 2] 


there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


Have any complaints been made 
as regards the effects of the 
discharge on fish life 4 


Please furnish any further in- 
formation of a similar nature 
which you may think useful ? 


6225—Ap. VI. 





About 9,000. During season approximately about 12,000 or 13,000. 


300,000 gallons to 500,000 gallons: 
Strictly domestic sewage. 


ener has been made; consumption of water about 30 gallons per 
head. 


Yes. 


Nil. 


Yes. 


Rate of current past outfall at half tide two to three knots. The current 
runs parallel with the shore for about half a mile each way, always 
eventually joining the main tidal flow of the Bristol Channel. The 
current is very variable, and at half tide usually sets in the opposite 
direction to the main tidal flow. Floats placed in this current are 
invariably carried out to sea. 


315 lin. yards from H.W.M. 


255 - % L.W.M. 

Depth of water 35 ft. 0 in. at L.S.T. 
” ” 65 Ly in. at EES 

No. 

No. 

No. 


Fish are caught and laver collected, and no injurious effects observed from 
the proximity of the outfalls. 


Ep. SLADE Kine, 
Medical Officer of Health, 


HD. 
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(QUESTION. 


i. Population of drainage area ? 


2 


vv) 


or 


~I 


10, 


tke 


. Approximate volume of sewage 


discharged per diem ! 


3. Nature of sewage and trade 


effluents (if any) ! 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state 2 


. If not, to what process of treat- 


ment is it first subjected 2 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated eftluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (4) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 

‘ coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ¢ J 


J2. Is there any evidence as to the 


formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 





Tne sewage is almost wholly domestic. U 
_ quantity of trade effluent from oilcloth works and a small chemical 


LANCASTER. 








ANSWER. 





43,570 estimated to June 30th, 1904, 


1,500,000 gallons per day estimated exclusive of rainfall. 


It however contains a small 
works. The quantity of sewage discharged into the estuary is estimated 
at 1,500,000 gallons per diem. This estimate does not include the surface 
water from the rainfall of the area (2,610 acres) upon which the town is 
built. The average annual rainfall for Lancaster during the past nine 
years is 39°60 inches per annum. The River Lune has a drainage area 
of 418 square miles. The volume of salt water passing up the estuary at 
each tide at mean tide level is approximately 2,769,000,000 cubic feet. 
Reckoning two-thirds of the sewage to be discharged in one tide the 
dilution of the sewage in the estuary is estimated as one gallon of sewage 
to 17,000 gallons of sea water. Appended will be found copies of analyses 
made at the request of the Corporation of Lancaster by two analytical 
chemists. Samples of the river water were taken from the estuary near 
the sewage outfalls in six different places at three states of the tide. 


See below, “ Report on the Waters of the River Lune, with Analysis.” 


Yes, but very much diluted. 


Yes. 


The velocity of the tides is about 5 knots per hour. The direction of the 


tides is at right angles to the sewage outfalls. 


There are seven outlets for the sewage into the estuary. Six of these outlets 


are practically at low water. 


The seventh (the Stodday sewer) is eight 
feet above low water. 


No, I have neither heard of nor seen any. 


I have not been able to find any of these sea weeds on the banks of the 


estuary. Certainly no nuisance ever arises in hot weather from the 
weeds being washed ashore and decomposing. 


On July 8th, 1904, I visited all the sewer outlets, and passed along the whole 


Jength of the estuary at low water in a boat. I inspected the mussel beds 
five miles below Lancaster, and I noted the condition of the river. I 
found no evidence of any pollution or deposit of sewage matter. No 
deposits of sewage were to be found, or any evidence of their existence 
at any point. 


ROYAL COMMISSION ON SEWAGE DISPOSAL, 


495 


—_—_—_—_—_—_ 
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(JUESTION. 


ANSWER. 





13. Have any complaints been 
made as regards the effects of 
the discharge on fish life ? 


14. Please furnish any further infor 
mation of a similar nature 
which you may think useful ? 





In July, 1899, the Lune Fishery Board made complaint to the Local 
Government Board, but that Board took no action in the matter, having 
been furnished with a report from the Borough Engineer of Lancaster 
and separate analyses from two analytical chemists. : 


As far as can be ascertained, there is a plentiful supply of salmon and other 
fish in the estuary. The Lune isa noted salmon river, and the fish are 
in great demand. At the upper end of the estuary is a weir, which the 
fish have great difficulty in passing. 


A successful fishery exists in the 


upper portion of the estuary. 


Lancaster. 


G. R. ParKsr, 
Medical Officer of Health. 





REPORT ON THE WATERS OF THE RIvER LUNE, witH ANALYSES. 


[copy.] 


Analytical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 


Report on the water of the River Lune taken at a mean 
tide on July 28th, 1899, in mid-stream opposite the 
places named in the certificates. 

The chlorides at low tide are, in the cases of the 
samples taken at Scaleford and west outfall, in such 
amounts as might be found in some drinking waters, 
and in any case are partly derived from the sea water. 

_In the case of the other three samples taken at low 
tide at halfway between west outfall and Stodday, at 
Stodday, and half a mile below Stodday, the high 
amount of chlorides distinctly points to admixture with 
sea waiter. 

The high tides and half-tides were very high in 
chlorides (common salt), and were practically sea water. 

The chlorides of the half-tides and full tides are not 
stated in the certificates, as it would be only dealing 
with sea water. : 


The Frese and Albuminoid Ammonia. 


The low tides, where the most characteristic yield of 
sewage contamination should be expected, shows an 
average of 0°011 parts per 100,000, in the case of the free 
ammonia, and 0-023 parts per 100,000 in the case of the 
albuminoid ammonia. 

The half-tide averages are: Free ammonia, 0°'016 parts 
per 100,000; albuminoid ammonia, 0°020 parts per 
100-000. 

The high tide averages are: Free ammonia, 0°012 
parts per 100,000; albuminoid ammonia, 0°013 parts 
per 100,000. 

These amounts of free and albuminoid ammonia are 
about double of those found in many samples of water 
for domestic use. : 

According to Wanklyn (Sewage Analysis, 1899), in the 
purified effluent from the Croydon sewage farm, taken 
at the lower farm outfall, Beddington Farm, the free 
ammonia is 0°08 parts per 100,000 and the albuminoit 
ammonia 0°044 parts per 200,000, and at field outfall 
Beddington Farm, the free ammonia = 0°02 parts per 
100,000 ; albuminoid ammonia, 0°044 parts per 100,000. 


The ammonia (free or albuminoid) found in_ the 
various samples taken, by myself from the River Lune 
in mid-stream opposite the different sewage outfalls, 
shows a much smaller quantity of ammonia, either free 
or albuminoid, than even the purified effluent of Bed- 
dington Farm, 


6295—Ap. VT. 


None of the samples gave any indication of nitrogen 
as nitrites and nitrates ; they were entirely absent in 
all cases. 


_When impurified sewage is allowed to flow into a 
river, and the free ammonia 1s greater than 0°12 parts 
per 100 000, the conditions are probably objectionable. 


In this case there is at: low tide (when the largest 
amount of sewage would be expected to be found in the 
river water) only about one-tenth that amount. At 
half-tides and full tides the samples gave results which 
practically identified them with ordinary sea water. 
lt is my opinion that such a sma]1 amount of ammonia 
1s quite impossible to cause injury to the fish in the 
river, as it is far below that standard which is sup- 
posed to cause injury to people living on the river bank, 
and the small amount of ammonia found would indicate, 
moreover, that the amount of raw sewage passed into 
the River Lune is so many times less in volume than the 
water of the river that it can have no possible effect 
whatever on the life of the fish contained therein. 


J. STEWART REMINGTON, 


Consulting Chemist. 
August 8th, 1899. 





[copy. ] 
Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 


Certificate of Analysis. 

Sample of river water marked “ Scaleford,” low tide, 
received from the Lancaster Corporation on July 28th, 
1899. 

I certify that I have examined the above sample with 
the following results : — 

Total solids” - - 18°5 grains per gallon. 

Chlorine as chlorides 5°2 grains per gallon. 
- 7:42 parts per 100,000. 
- 74:2 parts per 1,000,000. 


Low tide. 


I? ”? 


”? ” 


Free ammonia - 0°0056 grains per gallon. 
- 07008 parts per 100,000. 
0-08 »» 9, 1,000,000. 


Albuminoid ammonia 0°0175 grains per gallon. 
0°025 parts per 100,000. 
* - 0:25 . parts per 1,000,000, 
Nitrogen as nitrites and nitrates: None. 
J. Srewart RemiIncron. 


”? 9) 


eux g 
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LANCASTER—continued. 


[cory.] 
Chemical Laboratory. 
Corporation Street, Lancaster. 
August 8th, 1899. 


Half-tide. 


Certificate of Analysis. 

Sample of river water marked “ Scaleford,” half-tide, 
received from the Lancaster Corporation on July 28th, 
1899. 

I certify that I have examined the above sample, with 
the following results : — 

Total solids and chlorides (common salt) not stated, 
as the samples were practically sea water. 

Free ammonia - 0°01498 grains per gallon. 
- 0°0214 parts per 100,000. 
- 0214 parts per 1,000,000. 


Albuminoid ammonia 0°01764 grains per gallon. 
0°0252 parts per 100,000. 
jp 9 0°2520 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: None. 
J. Stuwart REMINGTON, 


9? 39 


[copy. ] 
Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 


Certificate of Analysis. 

Sample of river water marked “ Scaleford,” high tide, 
received from the Lancaster Corporation on July 28th, 
1899. 

I certify that I have examined the above sample, with 
the following results : — 

Free ammonia - 0°0168 grains per gallon. 
- 0°024 parts per 100,000. 
- 0°24 parts per 1,000,000. 


High tide. 


0°014 erains per gallon. 
0°020 parts per 100,000. 

<9 a 0°200 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: Absent. 
J. Stewart REMINGTON. 


Albuminoid ammonia 


?? 93 


[copy. ] 
Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 

Certificate of Analysis. 

Sample of river water marked “ West outfall,” low 
tide, received from the Lancaster Corporation on July 
28th, 1899. 

I certify that I have examined the above sample, with 
the following results : — 


Low tide. 


Total solids - 19°7 grains per gallon. 
Chlorine as chlorides 6°0 grains per gallon. 


8°57 parts per 100,000. 
85°7 parts per 1,000,000. 


>? 2? 
3? ?) 


Free ammonia - 0°00364 grains per gallon. 
- 0°0052 parts per 100,000. 
0°052 parts per 1,000,000. 


9 23 


9 ” ) 


Albuminoid ammonia 0°01568 grains per gallon. 
9 a 0°0224 parts per 100,000. 
e 33 fy 0°224 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: None. 
J. Stewart Reminaton. 


[copy.] 
Chemical Laborgtory, 
Corporation Street, Lancaster, 
August 8th, 1899. 
Certificate of Analysis. 


pera oe er marked “West outfall,” half- 
ide, received from the Lancaster Cor Rare aE 
28th, 189Y. ster Corporation on July 


Half-tide. 


I certify that I have examined the above sample, with 
the following results :— 
Free ammonia - 0°01498 grains per gallon. 
- 0°0214 parts per 100,000. 
- 0°2140 parts per 1,000,000. 


0:0161 grains per gallon. 
0°0230 parts per 100,000. 
v4 x 0'230 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: None. 

J. Srewarr REMINGTON, 


Albuminoid ammonia 


9? 7) 


' [cory.] 
High tide. Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 
Certificate of Analysis. 

Sample of river water marked “ West outfall,” high 
tide, received from the Lancaster Corporation on July, 
28th, 1899. 

I certify that I have examined the above sample, with 
the following results :— 


Free ammonia - 0:01218 grains per gallon. 
- 0°0174 parts per 100,000. 
0°1740 parts per 1,000,000. 


%? 9? 
2? ?? 


Albuminoid ammonia 0°0126 grains per gallon. 
9 a 0°018 parts per 100,000. 
35 o 0°180 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: None. 


J. Stewart Remineton. 


[copy.] 


Low tide. Chemical Laboratory, 
Corporation Street, Lancaster. 


August 8th, 1899. 


Certificate of Analysis. 

Sample of river water marked “ Halfway between west 
outfall and Stodday,” low tide, received from the Lan- 
caster Corporation on July 28th, 1899. 

I certify that I have examined the above sample, with 
the following results : — ; 

Total solids - - 228°5 grains per gallon. 

Chlorine as chlorides . 129°2 grains per gallon. 
156 parts per 100,000. 
1560 parts per 1,000,000. 


93 97 
po a 9? 


Free ammonia - 0:00742 grains per gallon. 
- 0°0106 parts per 100,000. 
- 0106 parts per 1,000,000. 


Albuminoid ammonia 0°0161 grains per gallon. 
58 ye 0°023 parts per 100,000. 
en 5 0°23 parts per 1,000,000. 
Nitrogen. as nitrates and nitrites: None. , 
J. Stewart Remineron. 


[copy. ] 
Chemical Laboratory, 
Corporation, Street, Lancaster. 
August 8th, 1899. 


Certificate of Analysis. 


High tide. 


Sample of river water marked “ Halfway between west 
outfall and Stodday,” half-tide, received from the Lan- 
caster Corporation on July 28th, 1899. 

I certify that I have examined the above sample, with 
the following results :— 

Free ammonia - - 0°014 grains per gallon. 
- 0°020 parts! per 100,000. 
- 0°200 parts per 1,000,000. 


Albuminoid ammonia 0°014 grains per gallon. 
0°020 parts per 100,000. 
af ty 0200 parts per 1,000,000. 


‘Nitrogen as nitrites and nitrates: None. 
J. Strwart Remineron. 


”) 9? 
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LANCASTER—continued. 


[copy.] 


Chemical Laboratory. - 
Corporation Street, Lancaster. 
August 8th, 1899. 


‘High tide. 


Certificate of Analysis. 

‘Sample of river water marked “ Halfway between west 
outfall and Stodday,” high tide, received from the Lan- 
caster Corporation on July 28th, 1899. 

I certify that I have examined the above sample, with 
the following results :— 

Free ammonia - 0°0028 grains per gallon. 
- 0°004 parts per 100,000. 
- 0040 parts per 1,000,000. 


29 3? 
9? 2? 


Albuminoid ammonia 0:007 grains per gallon. 
0°010 parts per 100,000 
0100 parts per 1,000,000 


9) 29 

9? ? 
Nitrogen as nitrites and nitrates: None. 

J. Stewart REMINGTON. 


[copy.] 


‘Low tide. Chemical Laboratory, 
Corporation Street, Lancaster. 


August 8th, 1899. 
Certiticate of Analysis. 

Sample of river water marked “ Stodday,” low tide, 
received from the Lancaster Corporation on July 28th, 
1899. 

I certify that I have examined the above sample, with 
the following results :— 

Total solids - - 
‘Chlorine as chlorides 


2? 9? 


417°0 grains per gallon. 
205°8 grains per gallon. 
294 parts per 100,000. 
a 35 2940 parts per 1,000,000. 
0°0112 grains per gallon. 
0°016 parts per 100,000. 

- 016 parts per 1,000,000. 


‘Free ammonia - - 
eB 9 
2? 39 


Albuminoid ammonia 0°1708 grains per gallon. 
+3 fy 0°0244 parts per 100,000. ~ 
‘ a is 0°244 parts per 1,000,000 
‘Nitrogen as nitrites and nitrates: None. 


J. Stewart REMINGTON. 


[copy.] 


‘Half-tide. Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 
Certificate of Analysis. 

Sample of river tide marked “ Stodday,” half-tide, re- 
éeived from the Lancaster Corporation on July 28th, 
1899. . 

I certify that I have examined the above sample, with 
the following results :— 

Free ammonia - 0°00742 grains per gallon. 
- 0°0106 parts per 100,000. 
- 07106 parts per 1,000,000. 


7? ? 
ao 7? 


Albuminoid ammonia 0-01218 grains per gallon. 
- py 0°0174 parts per 100,000. 
| Es 07174 parts per 1,000,000. 
Nitrogen as nitrites and nitratesi: None. 


J. Stewart Remineron. 


[copy.] 
High tide. Cremical Laboratory, 
Corporation Street, Lancaster. 


August 8th, 1899. 


Certificate of Analysis. 


Sample of river water marked “ Stodday,” high tide, 
Aaah from the Lancaster Corporation on July 28th, 


Low tide. 


the following results : — 


I certify that I have examined the above sample, with 


the following results :— 


- 0:00742 grains per gallon. 
- 0:0106 parts per 100,000. 
- 0106 parts per 1,000,000. 


Free ammonia 


Albuminoid ammonia 0°0063 grains per gallon. 
» ” 0009 parts per 100,000. 
” “ 0:09 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: None. 


J. Srewart REMINGTON. 


[copy.] 
Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 
Certificate of Analysis. 
Sample of river water marked “ Half-mile below Stod 


day,” low tide, received from the Lancaster Corporation 
on July 28th, 1899. 


I certify that I have examined the above sample, with 


558°8 grains per gallon. 
290°5 grains per gallon. 
415 parts per 100,000. 
4150 parts per 1,000,000. 


Total solids - - 
Chlorine as chlorides 
9? 7? 


9? >»? 


Free ammonia - 0°01302 grains per gallon. 
- 0°0186 parts per 100,000. 
- 0186 parts per 1,000,000. 


Albuminoid ammonia 0°0161 grains per gallon. 
nA * 0023 parts per 100,000. 
9 45 0:23 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: None. 


J. Stewart REMINGTON. 


[copy.] 
Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 


Half-tide. 


Certificate of Analysis. 

Sample of river water marked “ Half-mile below Stod- 
day,” half-tide, received from the Lancaster Corpora- 
tion on July 28th, 1899. 

I certify that I have examined the above sample, with 
the following results :— 

Free ammonia - 0°0056 grains per gallon. 
- 0:008 parts per 100,000. 
- 0:080 parts per 1,000,000. 


3? 2? 


2? 9 


Albuminoid ammonia 0°1008 grains per gallon. 
00144 parts per 100,000. 
a ‘ 0°1440 parts per 1,000,000. 
Nitrogen as nitrites and nitrates: None. 
J. Stewart REMINGTON. 


2° 99 


[copy.] 
Chemical Laboratory, 
Corporation Street, Lancaster. 
August 8th, 1899. 


High tide. 


Certificate of Analysis. 


Sample of river water marked “ Half-mile below Stod- 
day,” high tide, received from the Lancaster Corpora- 
tion. on July 28th, 1899. 

I certify that I have examined the above sample, with 
the following results :— 

Free ammonia 0°00182 grains per gallon. 
- 0°0026 parts per 100,000. 
- 0026 parts per 1,000,000. 


Albuminoid ammonia 0°0049 grains per gallon. 
x _ 0°007 parts per 100,000. 
ie ‘ 0°07 parts per 1,000,000 
Nitrogen as nitrites and nitrates: None. 


J. STEWART REMINGTON. 
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12. 
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ROYAL COMMISSION 


()UESTION, 


. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ¢ 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide}? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise In warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sswage solids ! 


Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 


formation of a similar nature 
which you may think useful. 


CITY) OF 


645,400 ; draining direct into the River Mersey. 


27,500,000 gallons, 


No analysis made. 


Yes. 


No analysis made, 


Rapid. 


ON SEWAGE DISPOSAL. 


LIVERPOOL. 


ANSWER. 





a ee ee 


—— 
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APPENDIX: 


OE 


LLANDUDNO. 








QUESTION. 


ANSWER. 


rr nn nn nn Urn nnn SSS 


1. Population of drainage area ? 


2. Approximate volume of sewage 
lischarged per diem ? 

3. Nature of sewage and trade 

effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ? 


5, If nct, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states cf the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction 2 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (&) at: 
high spring tide ? 


10. Has any nuisanee arisen_at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Resident population, 9,359. Resident and visiting population estimated at 
28,077. 


On resident population, 235,000 gallons per day. On resident and visiting 
population, 700,000 gallons per day. ; 








Almost entirely domestic. No offensive trades. 


REPORT OF ANALYST UPON Two SAMPLES OF SEWAGE FROM LLANDUDNO. 











—_-—- Sample A. Sample B. 

Free and saline ammonia - 1-60 per 100,000 | 1-02 per 100,000» 
Albuminoid ammonia - - - - | 0:23 ri 0:28 a 
Oxygen absorbed in 2 hours at 80 deg. F. | 13°92 e 17°46 53 
Chlorine - - - : - 214°0 Sr 225-50 Pea 
Total solids - - - - : =H Last) ef ?12°8 a 
Bacteriological examination :— | 

Number of organisms pere.c. — - : 5,000,000 3,000,000: ~ 

Coli present per e.e. in 48 hours - - 100,000 at least 100,000 at least 

Enteritidis sporogenes in 48 hours 100 100 














(Signed) F. N. Mrenzikrs, M.D., 
Public Health Laboratory, 


King’s College, London... 


Yes. 


At spring tide the discharge commences about 1% hours after high water, 
and continues until 14 hours before the next high water, At neap tides. 
the discharge commences about 2 hours after high water, and continues. 
until 2 hours before the next high water. Under the worst conditions, 
viz., at neap tides, the outfall is tide-locked for about 73 hours, during 
which period the sewage is stored in a 6 feet by 4 feet tank sewer. 


Medium, and running north-west. 


The outfall at present is 1,217 yards in length, and the point of discharge is. 
situate 1,217 yards ina W.N.W. direction from the west toll gate of the 
Marine Drive and 622 yards in a southerly direction from the shore. ‘The 
outlet is dry at low spring tides, and at high spring tides is 28 feet under 
water. A further extension seawards for a iength of 278 yards is in 
course of construction. When this is completed the outlet will be 1,495 
yards in length ina W.N.W.direction, and 667 yardsin a southerly direction ~ 
from the shore, and the discharge end will be dry at the lowest spring 
tides, and at high spring tides will be covered by 24 feet 3 inches of water.. 


Complaints have been received to the effect that a portion of the floatable 
solids have at times reached the shore on the flood tides, and on this. 
account the outfall is being extended 278 yards further seawards, which 
it is hoped may effectually prevent this. The whole of the outfall is at 
the back of the town, and the adjoining land consists of mountain pasture: 
land of a barren and rocky nature. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 5OL 
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LLANDUDNO—continued. 


ae ny ee ey ee 


QUESTION. 


ANSWER. 


SS See an nnn enn cnn cn cc cc ee ee eS 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing. 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 


fall or elsewhere caused by 


deposit of sewage solids ? 


13. Have any complaints been made 


as regards the effects of the | 


discharge on fish life ? 


14, Please furnish any further in- 


formation of a similar nature |- 


which you may think useful. 


6225—Ap. VI. 


There isa considerable growth of sea weed along the coast, but no complaints 
have arisen on this account. There is none near the end of the outfall. 


E. PaLey StgpHEnson, Assoc. M Inst. C.E., 


Engineer to the Llandudno Urban District Council. 
February 24th, 1904. 
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LLANDUDNO JUNCTION. 





()UESTION. 


ANSWER. 





nad 


bo 


w 


Or 


10. 


11. 


. Nature of 


. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible ? 


. ls the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible ? 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


— 
623 


s there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of _enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


935. 


20,570 gallons, 
Domestic. 


Sample analysed by Dr. F, N. Menzies, King’s College Laboratory :— 


Feecal odour well marked. 


Free and saline ammonia - . * 


0°50 per 100,000, 


Organic ammonia = = - - - - O15 .,, .100,000. » 


Chlorine - - - - - - - 6 », 100,000, 
Nitrogen as nitrates and nitrites - + Very slight traces, . 
inestimable. 
Oxygen absorbed in two hours at 80° F. - 2 parts per 100,000. 
Solidresidue - - = + + #505! 44, 2° 100,000* 


* Almost entirely non-mineral, marked charring of deposit residue. 


Iam of opinion that, taking all the above factors in consideration, this is a 
satisfactory sewage effluent. 


(Signed) F. N. Menzrzs. 


Almost at all times, 


At all times, excepting for short periods when the sewers are tide-locked at 
high tide. 


Rather sluggish (not rapid at the point of outfall, but rapid, at times, six or 
seven knots per hour 300 yards away). 


On the shore, 300 yards above low water mark. Only covered at high tide. 
The depth of water at high (spring) tide is about 8 ft., and at low (spring) 
tide it is uncovered. 


No. 


No. 
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LLANDUDNO JUNCTION—continued. 


(QUESTION. ANSWER. 





12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | No. 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- =e 
formation of a similar nature 
which you may think useful ? 


P. Fraser, M.D., 
Carnarvon. Medical Officer of- Health. 


(225—Ap. VI. 
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LLANFAIRFECHAN. 





QUESTION, 


ANSWER. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem. 


3. Nature of sewage and _ trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


Or 


. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the 
treated sewage should be 
given, if possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


~1 


. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


oe) 


. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (6) at 
high spring tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore. 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a nuis- 
ance ever arise in warm 
weather from the weeds being 
washed ashore and decompos- 
ing! 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any farther ins 
formation of a similar nature 
which you may think useful ? 


Winter, 2,200. Summer, 5,200. 


Winter 67,200 gallons. Summer, 158,400 gallons. 


Domestic. 


Yes. 


Yes, excepting at high tide when outfall is tide-locked. 


Sluggish. Incoming tide and out-going tide is along coast. 


1650 yards. 
(a) Exposed at low (spring) tide. 
(4) 20 feet of water at high (spring) tide. 


No. 


No. 


The system of sewers is the Shone Hydro Pneumatic. 

There is a large sewer tank at upper end of main outfall, to hold 48,000 
gallons, for the storage and discharge of part of the sewage during the 
ebbing tides. 





P. Fraser, M.D., 
Carnarvon. Medical Officer of Health. 
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LLANRWST AND TREFRIW. 





QUESTION. 


ANSWER. 





=I 


10. 


ie 


12. 


13. 


14. 


. Population of drainage area ? 


’ “ORS ete volume of sewage 


ischarged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage sheuld be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (4) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the 
outfall or elsewhere caused by 


deposit of sewage solids ? 


oa 


Have any complaints been made 
. as regards the effects of the 
discharge on fish life ? 


Please furnish any further infor- 
mation of a similar nature 
which you may think useful. 


Llanrwst, 2,650. 
Trefriw, 800. 


Outlet of sewers, 12-inch earthenware pipe. 
Approximately 79,500 and 24,000 gallons per day respectively. 


Ordinary house disposal. One small tannery and one small brewery at 
Llanrwst. 


Yes. 


; Rapid at both outflows. The direction of the river to which it is disposed. 


In centre of river, at low tide simply covering the outlet ; at high tide about 
1 foot at Llanrwst and 6 feet at Trefriw. 


Yes, to a small extent, in dry seasons. 


No. 


It sometimes occurs in dry seasgns, but is always washed away by floods. 


The water bailiff has repeatedly complained of the injurious effec: of the 
discharged sewage on fish life. 


R. H. WILLIAMS, 


Surveyor and Sanitary Inspector, Trefriw 
Per Dr. Fraser. 
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LONDONDERRY (COUNTY BOROUGH). 





QUESTION, 


ANSWER. 


a a a a 


1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it at first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible ? 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 








Estimated 41,397, 

Cannot say, as sewers convey rain water—storm water in fact ; only one 
system for all liquid refuse. 

Above answer will explain. 


No analysis was ever made to my knowledge. 


Yes, 


Yes. 


8. Are the tides sluggish or rapid | Rapid ; direction confined to course of river. 


near the point of outfall, and 
what is their direction? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water(a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 


foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along 
the coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 


posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- 
formation of a similar nature 
which you may think useful. 





I should explain that for some distance above and below the city the 
foreshore has been filled in to such a depth that vessels of considerably 
over 1,000 tons can anchor at the quay along the whole course, and 
therefore the sewage is always emptied into about 13 ft. of water at (low) 
spring tides. 


No. 


No. Have made enquiries outside Borough boundary, and am informed no 
nulsance was complained of. 


A dredger is employed constantly by the Port and Harbour Board dredging 
the river for the purpose of navigation, so no banks or anythin; else is 
sallowed to form. 


Not to my knowledge. 


P. H. Frerousson, 
Medical Officer of Healt. 
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LOWESTOFT, SUFFOLK. 





QUESTION. 


ANSWER. 





12. 


13. 


14. 


. Population of drainage area ? 


- “ag rr eeniee volume of sewage 


ischarged per diem ? 


” 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible ? 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spting) tide ? 


. Has any nuisance arisen at any 


time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


. Is there any considerable growth 


of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


Please furnish any further infor- 
mation of a similar nature 
which you may think useful. 








About 31,000. 


620,000 gallons (surveyor’s estimate). 


Domestic sewage. 

Brine from herring gutting yards (principally from September to January). 
Certain amount of organic matter from fish offal. 

No analysis of the effluent has ever been made, to my knowledge. 


Yes. 


Yes. 


Rapid ; 6 hours ebb and flow Direction of ebb, north-east. 


230 feet from shore. 


(a) 15 feet low water, spring tide. 
(6) 22 feet high water, spring tide. 


No. 


There is some growth of enteromorpha on sheltered positions of the wooden - 
groynes along the north beach. I have seen no specimens of. alva 
latessima, and it is doubtful if this species could ever exist in abundance 
on so exposed a coast. In fact, the shifting nature of the foreshore and 
the constant exposure of the coast line to heavy seas render the conditions 
very unsuitable for luxuriant growth of green sea weeds. No. nuisance 
has ever been experienced, and I should think it is very doubtful whether 
any nuisance can ever be anticipated from the decay of sea weeds in the 
neighbourhood of the outfall on the north beach. 


No complaints have ever been made to my knowledge. The members of the 
local Sea Angling Society, whom I have consulted, are not aware of any 
deleterious effect. The fact that fishing with handlines is successfull 
practised from the beach in the neighbourhood of the sewage outfall 
inclines one to the belief that no serious effects can have been experienced. 


The outfall discharges at the bed of the ocean. It receives all the drains 
connected with the public sewers, except (1) a small district known as 
Bevan and Tonning Streets, which discharges into the north side of the 
fairway of the harbour, east of the bridge; (2) a small district known as. 
the Esplanade, which discharges into the south side of the fairway of 
the harbour, east of the bridge. 


A. Mars#auy, D.P.H. 


Lowestoft. Medical Officer of Health. 


APPENDIX : 





MARGATE, KENT. 





(JUESTION. ANSWER, 
Nee ee een eee ee ee ee ee 


1. Pupulation of drainage area ? Varies from 28,000 to 110,000. 


2: ay a volume of sewage | Varies from 840,000 gallons to 1,250,000 gallons. 


ischarged per diem ? 


3. Nature of sewage and trade | Domestic—except for a very small amount of brewery waste. 


effluents (if any) ? 


A typicel analysis should be 
given, if possible ? 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given if 
possible ? 


6. Is the sewage or treated effluent | Yes. 
discharged at all states of the 


tide ? 


7. If not, during what period and 
at what state of the tide Coes 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


Rapid. 
Flood tide, east to west, 
Ebb tide, west to east. 


No} 


. At what distance from the shore | 600 yards from shore. 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (0) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 


time either in the neighbour- 
hood of the outfall or on the 
foreshore. 


11. [s there any considerable growth 


of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a nuis- 
ance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 


tormation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids, 


13. Have any complaints been made 


as regards the effects of the 
discharge on fish life ? 


14. Tlease furnish any further ip- 


> 


formation of a similar natitre 
which you may think useful ? 


Sewage outfall invert is 12 feet below O.D. 
EH. W.O.S. 1, =.9:30 ACO’): 
L.W.O.8.T. = 6°67 B.O.D. 


None whatever ; both tides tend to carry sewage away from shore. 


Yes. Enteromorpha Intestinalis, Ulva Latissima, and Cladophora supertoris. 

Before there was any sewer, there was frequently a nuisance in summer time ; 
since the district has been drained this has not been increased. 

Ineed hardly say, that, even before there was any sewage, the visitors and 
others were convinced that the bad smell was due to defective drains.. 


No. 


No. 


This is one of the most satisfactory ov.tfalls cn the English coast. 
It has been in existence 13 years and ] as never given a moment’s trouble. 


BERTRAM THORNTON, 


Margate. Mecical Offic2r of Health. 
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MENAT BRIDGE, 





ANSWER. 





. Population of drainage area ? 


. Approximate volume of sewage 
discharged per diem ? 


. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 
crude state ? 


. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 


tinie either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 


of green sea weeds (such as 
ulva latissima or the different 
vaileties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
w Sr ashore and decompos- 
ing 


6225—Ap. VI. 


| 1,700. 


50,000 gallons. 
Ordinary sewage, very foul at times. 
No analysis made. 


Yes. 


No; there are ball valves at the four outfalls, which retain the sewage 
during a certain period in the sewers. 


The discharge takes place about three hours after high water till about three 
hours and a half after low water. 


At Outfalls Nos. 1, 2 and 3 the tides are very rapid, as high as eight miles an 
hour. At Outfall No. 4 the tide is rather sluggish, about two and a half 
to three miles at the limit, and at certain states of the tide it is practically 
stagnant. 


No. 1, about 8 yards. 
ee a= ae Lees 
ms. toh Oe 120, 
sy we A gt 400_,, 


CO aaa i a » 1, ahout 10 feet. 
; 0 22s Cae 
rr) ” + Peis e oe MEGS 4, 
” : > + hed Saat ea 


Yes, complaints were made that the sludge from No. 4 was w ashed back into 
the bay, and was deposited on the foreshore. This was abated by extend- 
ing the sewer. 


No. 


a2 
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Menal BripeGEe.—continued. 
ee eee 
QUESTION ANSWER. 


12. Is there any evidence as to the | Yes, at No. 4 Outfall but very little 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | No. 
as regards the effects of the 
discharge on fish life? 


14, Please furnish any further in- —— 
formation of a similar nature 
which you may think useful. 


R. ArTHUR THoMAs, 


Per Dr. Fraser, Surveyor. 


a 


le aa aed 
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MIDDLESBOROUGH (YORKSHIRE). 





(JUESTION. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated - 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide 4 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 

ow (spring) tide and (0) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
wlva latissima or the different 
varieties of enteromorpha) 
uear the outfall or along the 
coast and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing £ 


ANSWER. 





Drainage area 1,723 acres. Population last census 91,302. 


Dry weather flow 1,800,000 gallons. 


There are no trade effluents as understood as such. The trade of Middles- 
borough is the smelting of iron and allied industries, which does net 
involve the production of trade effluents; besides there are very few water 
closets, all the excrementatious matter being collected in pan closets and 
sent out to the farms in the district, or otherwise disposed of. There is 
no duplicate system of sewers, but there are three storm outfalls in 
additien to the main outfall. Practically all storm water goes into the 
sewers. 


Analysis— 
Organic, 29°€000. 
Inorganic, 20°800. 
Free ammonia, 0°2500. 
Albuminoid, 9°0400. 
Chlorine, 14°5000. 


No. . The main outfall begins to discharge at half tide. A pumping plant is 
now being erected, capable of pumping 60,000 gallons per minute, to lift 
the sewage at all stages of the tide. 


Varying from one to three knots. 


The main outfall discharges into the Tees Estuary, which, varies in width 
from 700 feet to over two miles. The invert of the main outfall is 6°60 


below ordnance datum. 

Bolckow’s storm outfall, 4:40 below ordnance datum. 
S730) 4, a “, 
3°50 above ordnance datum. 


Samuelson’s FA 
Ormesby Beck ,, 
The ordinary spring tides vary 17 feet between high and low water. 


Never heard of any, nor has any complaints been received at any time. The 
main outfall was constructed in 1878. 


No. Ihave never seen any in the Tees Estuary, or on the foreshore to the 
north and south of the harbour mouth. 


on 2 
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MIpDDLESBOROUGH (YORKSHIRE)—continued. 





(JUESTION. 


ANSWER. 





12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


° 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further infor- 
mation of a similar nature 


which you may think useful ? 





No. The scour caused by the enormous quantity of fresh water coming 


down the Tees effectually prevents any such formation, the watershed of 


the Tees being 744 square miles. 


No. The very fact of salmon passing up and down the Tees in large 


numbers is a very good proof that the quantity of sewage compared with | 


the tlow of the Tees is infinitesimal. 


The Borough of Darlington and the adjoining Boroughs of Stockton-on-Tees — 


and Thornaby-on-Tees discharge the whole of their sewage untreated into 
the Tees above Middlesbor ough. There are several other towns and 
villages in the upper reaches discharging sewage into the Tees. 


CHARLES V, DINGLE, . 


Medical Ofiect on rieatin 
Middlesborough, 


— 
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(QUESTION. 


MILFORD HAVEN (HAKIN). 





ANSWER. 





1, Population of drainage area ? 


2. soe inate volume of sewage 
ischarged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4 Is the sewage discharged in the 
crude state ¢ 


5 If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (0) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissema or the different 
varieties of enterumorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


About 670. 


About 1,700 gallons. 


House slops and contents of water closets. No trade effluents 


ts of v Only a 
small portion of the district is at present sewered. 


Yes. 


No. 


During ebb tide and at low water the outfall sewer is provided with a tide 
flap, which prevents any discharge during flow tides. 


Fairly rapid, with an average rise and full of about 13 feet. Direction of 


flow, east and west. 


Outfall at bottom of embankment wall of docks. 
(a) About 7 feet above low water ; (6) about 17 feet below high tide. 


Not to any appreciable extent. The amount of solid matter at present 
discharged is so small that it is thoroughly dissolved and carried away at 
every tide ; but should a greater number of houses be connected, it will 
be necessary to have the outfall carried out beyond low spring tide mark. 


No. 


None. 


I have never heard of any, and, as previously stated, the amount of sewage 
discharged is not, in my opinion, sufficient to have detrimental effect on 


fish life. 


W. S. Grirrira, M.B., 


Medical Officer of Health, 
Milford Haven Urban District Council. 
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NEWPORT (MON). 





(JUESTION. 


ANSWER 





i: 


a 


ie) 


10. 


1h 


Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible ? 


. ls the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (4) at 
high (spring) tide. 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore. 


I 


mR 


there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing % i 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 








70,217. 


Dry weather flow 2,000,000 gallons 


Domestic sewage Effluent from Ironworks, Chemical Manure Works, and 
Rubber Works. 


Sewers are tide-locked during certain hours daily ; amount depending upon 
nature of the tides, whether “spring” or “neap.” 


Tides are very rapid in the river, varying from four and five to six and eight 
knots per hour. Direction of flow of tide is at right angles to outlet of 
sewers. 


Outfalls are situated on the river bank. 


Tn one case there was a considerable amount of effluvium arising from the 
water into which the “Tredegar Pill” outfall flowed, owing to the 
existence of a narrow bay at that point, and consequent stagnation. This 
outfall has been taken out into the river proper, with good results. In 
one case where main outfall sewer receives branch sewers which have 
defective gradients, and in which accumulations occur the smell at 
outfall is offensive, but not more so than that which, unfortunately, 
frequently arises irom the street ventilators. 


None. 


No. The rapid rise and fall of the tide stirs up the mud thoroughly, and 
oxidises organic matter very satisfactorily. The bed of the river gets a 
thorough exposure to the atmosphere twice daily, and thus an inter- 
mittent process of oxidisation occurs. 
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Newport (Mon.)—continued. 





()UESTION. 


ANSWER. 





13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- 
formation of a similar nature 
which you may think useful ? 


RIVER WATER ANALYSIS. 


Free 


ae NH,. 


Sample I(4 hours after 063 
high water) 


p I 2 034 
ee ? "027 


» LV (14 hours after "020 
high water) 


” vi i 013 





Albu- 
minoid 
NH,. 


041 


081 
030 
056 


043 


Nitrates 
and 
Nitrites. 


189 


170 
“281 
267 


063 





PARTS PER 100,000. 


| Oxygen 


absorbed. 


172 


320 
080 


200 





Chlorides. 


607 


487 
1,063 
1,017 


959 


No. The fishing (salmon) up the river is far better than it has been for 


years. 


The pollution of the Usk above Caerleon by tributary rivers containing 
minerals and sewage does, I understand, interfere with the passage of 
salmon up stream at neap tides. This is probably due to both the 
minerals present and the want of oxygen owing to the inhibitive action 
of the minerals in the bacterial purification of the stream. 


J. Howarp Jongs M.D., D.Sc. 
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PENMAENMAWR. 





(QUESTION. 


1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3, Nature of sewage and_ trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated and in 
what depth of water (a) at low 
(spring) tide and (b) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of —enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise mm warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids 2 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further/‘in- 
formation of a similar nature 
which you may think useful. 


ANSWER. 





3,500. 


Not ascertained. Say, 105,000 gallons. 


Domestic sewage. 


Yes. 


Yes, excepting when sewer is tide-locked. 


ee 


Rapid flow to open sea with receding tide, and also to Estuary of Conway 
with incoming tide. 


1,000 feet from shore, 


Outfall is above low water mark of ordinary spring 
tides. ; 


No. 


No trace. 


The comparatively small amount, and the nature of the sewage discharged 
and the position of the outfall, leave no ground for complaint or cause for 
nuisance. 


P. Fraser, M.D., 
Medical Officer of Health. 


Carnarvon, 
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PENRHYNSIDE. 





QUESTION. ANSWER. 


1. Population of drainage area ? 550. 


2. Bry cefuate volume of sewage | 6,600 gallons. 
ischarged per diem ? 


3. Nature of sewage and trade | Ordinary domestic. 
effluents (if any) ? 


A typical analysis should be REporT OF ANALYST. 
given, if possible. 
Fecal odour well marked. 


Free and saline ammonia. - ap) ies 


0°8 per 100 00G 


Organicammonia - - - - - 0250 , 

Ciiogmiere =e = ae Fe BG i, 

Nitrogen as nitrates,and nitrites - - Merely traces, 
inestimable. 

Oxygen absorbed in 2 hours at 80 deg. F. - 1°03 per 100,000. 

Solid residue - - - - - - 27 parts per 100,000. 


Distinct evidence of 
much charring. 


On the whole, Iam of opinion that this is a satisfactory sample of sewage 
effluent. 


(Signed) F. N. Menziss, M.D., 
King’s College Public Health Laboratory. 


4, Is the sewage discharged in the ! Yes, 
crude state ? 


or 


. If not, to what process of treat. Lede ae Pa 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


€. Is the sewage or treated effluent | Practically at all times. 
se ala at all states of the 
tide ? 


7. If not during what period and at 
what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid | Rapid. The usual tidal currents between the Little Orme and Colwyn Bay, 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore | At low water mark. Depth of water (a) at low (spring) tide, outfall. 
is the outfall situated, and in uncovered ; (4) at high (spring) tide, 18 to 20 feet. 
what depth uf water (a) at 
low (spring) tide and (6) at 
high (spring) tide ? 


10. Has any nuisance arisen at any | No. 
time either in the neighbour- 
hood of the outfall or on the 
foreshore. 


11. Is there any considerable growth | No. 

of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 
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PENRHYNSIDE—continued. 





QUESTION. ; ANSWER. 


aaa 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? | 


13. Have any complaints been made | No. 
as regards the effects of the 
discharge on fish life ? 





| 
| 


14. Please furnish any further in- 
formation cf a similar nature 
which you may think useful. 

P. Fraser, M.D., 


Medical Officer of Health. 


Carnarvon,. 
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PENZANCE. 





QUESTION. ANSWER. 





1. Population of drainage area ? 13,494. 


2. Approximate volume of sewage | With storm waters about 325,000 gallons. 
discharged per diem ? 


3. Nature of sewage and trade | Excremental matters, slop and storm waters No trade effluents of 
effluents (if any) ? importance 


A typical analysis should be —_——— 
given, if possible. 


4. Is the sewage discharged in the | Yes. 
crude state ? 


5, If not, to what process of treat- ee 
ment is it first subjected ? 


A typical analysis of the treated alia Le, 2 
sewage should he given, if 
possible, 


6. Is the sewage or treated effluent | Yes. 
“chan ioe at all states of the 
tide ? 


7. If not, during what period and —— 
at what state of the tide does 
the di harge take place ? 


8. Are the tides sluggish or rapid | Medium N.F. 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore | There are three outfalls, each about 300 yards from the shore). (a) Two are: 
is the outfall situated, and in just open at low spring tides ; (4) about 18 feet. 
what depth of water (a) at 
low (spring) tide and (4) at 
high (spring) tide ? 


10. Has any nuisance arisen at any | Sewage occasionally carried into the harbour (tidal). 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any OE growth | On the bedof the harbour ; offensive in hot weather. 


of green sea weeds (such as 
ulva latissema or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- ; 


posing ? 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | No, (W.B.—There are no oyster-beds.) 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further infor- | The only tidal waters in Penzance are of the sea and harbour There are no 
mation of a similar nature rivers. 
which you may think useful ? 


R. D Boass, 


Medical Officer of Health. 
Rosevean Cottage, Penzance, ; 
February 25th, 1904. 
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PLYMOUTH. 





(JUESTION. 





f— 


ie 


. Population of drainage area ? 


Approximate volume of sewage 
discharged per diem 2 


. Nature of sewage and _ trade 
etHuents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


5. If not, to what process of treat- 


~J 


a 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


Are the tides sluggish or rapid 
nearthe point of outfall, and 
what is their direction ? 


9. At what distance from the shore 


10 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11, Is there any considerable growth 


of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom. 
posing ? 


ANSWER. 





Estimated 113,300. 


About 4,500,000 gallons, 
Practically no trade effluents. 
No analysis has been made. 


Yes ; except from a district recently annexed, and the sewage therefrom is 
now proposed to be diverted, as the tanks have always been a nuisance. 


On ebb tide. Main intercepting scheme of drainage is now nearly com- 
pleted, and by it 92 per cent. of drainage area will be discharged between 
high water and one hour before low water. The remaining 8 per cent. 
will discharge till low water, it being a very low district. 


At point of proposed new ouifall and Fisher’s Nose the tidal currents are 
rapid. The first has an easterly direction and the latter west-south- 
westerly, until joining the former, where both take south-easterly diree- 
tion to sea by eastern end of Plymouth Breakwater. 


At present there are four points of discharge— 


(1) Effluent from annexed area, and discharging in tidal estuary about 4 feet 
above low (spring) tide and 12 feet below high (spring) tide. 


(2) Discharge into tidal estuary in Deadman’s Bay. Cattewater about 2 feet 
above low (spring) tide and 14 feet below high (spring) tide and close 
in shore. 


(3) Discharge into sea (Plymouth Sound) about 90 yards from shore into 
30 feet below (a). 


(4) peas into sea’ (Plymouth Sound) near Millbay Pier (a) 4 feet; (4) 
20 feet. 


Nuisance has been caused from the deposit of sewage on foreshore in Dead- 


man’s Bay and an annoyance at Millbay, and it is proposed to dispense 
with the outfalls at these points and discharge into deep water—about 
95 feet below low water. 

Where the sewage discharges in the Sound at mouth of Cattewater, into 
30 feet of water, no annoyance has been caused. 
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PLymMoutH—continued. 





QUESTION. ANSWER. 





12. Is there any evidence as to the | Except where the sewage discharges in the bays—(2) and (4) paragraph 9— 
formation of sludge banks in there is no evidence of sludge banks having been formed. 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | None. Some of the finest bass have been caught near the outfalls. 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


F. M. Witiiams, M.R.C.S., L.R.C.P., D.P.H., 


Medical Officer of Health, 
~ Borough and Port of Plymouth. 


Air N.B. According to our observations there was abundance of wlva lJatissima in the Plym near one of the out- 
falls in 1904. 


HAP L: 
W. £E. A. 


APPENDIX: 





POOLE, DORSET. 





QUESTION. 


1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and. trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated:effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and at 
what state of the tide does the 
discharge take place ? 


8, Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (%) at high 
(spring) tide ? 


10, Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
Lig ee ashore and decompos- 
ing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 














ANSWER. 


20,500 about. jie anaed six ig moukes 


500,000 gallons. 


Chiefly domestic. (mf adel alone vim peat 


Yes. 


Yes. . wicca: Wie ody 


Very rapid ; east at the flood, west at the ebb. 


2,010 feet. (a) 15 feet 6 inches, (4) 22 feet. 


No ; there is but very little sea weeds of any kind near the outfall, the bed 
of the channel being entirely of sand. No green sea weeds are washed 
ashore. 


G. H. Carrineton 


Medical Officer of Health. — 
Poole Borough and Port Sanitary Authority. 
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PORTMADOC, TREMADOC AND BORTHYGEST, 





QUESTION. 


ANSWER. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. ls the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (0) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall cr on the 
foreshore ? 


Portmadoc 3,487, Tremadoc 500, Borth 450. 


Portmadoc 104,610 gallons, Tremadoe 15,000 gallons, Borth 13,500 gallons. 


Ordinary. 


REporRT oF ANALYST. 








—— Portmadoc sewage.|Tremadoe sewage.| Borth sewage. 





No fceecal odour. | No fceeal odour. | No fcecal odour. 
Saline and free Am- 


monia. 0°45 0.03 0°375 per 100,000 
Albuminoid Ammonia 0°175 0'8 0 225 per 100,000 
Oxygen absorbed in 2 

hours at 80° F. 2°44] 3.5 4 per 100,000 
Nitrogen as Nitrates 

and Nitrites. Slight traces. Traces. Very slight traces. 
Total solids. Not estimated. | Not estimated. | Not estimated. 

Practical nil in | Practically nil} Practically nil 
bottle. in bottle. in bottle. 
BACTERIOLOGY. 


(a) No. of organisms | 1,100,000 per e.c. 800,000 per c.c. 1,300,000 per ¢.c. 
(6) Enteritidis sporo- 


genes 200 per c.c. 100 per ¢.c. 100 per e.e. 
(c) Coli 50,000 per c.c. in | 20,000 per c.c. in | 100,000 per c.c. in 
48 hours. 48 hours. 48 hours. 


Typhoid and Cholera organisms not looked for. 


(Signed) F, N. MeEnzizs, M.D., 


Public Health Laboratory, 
King’s College. 


Yes, at Portmadoc and Borth. 
At Tremadoc the sewage is passed into settling tanks two in number. 


At Tremadoc the sewage settles in two tanks. 


An analysis of the sewage effluent is given on the first page. _ 
The analyst says, ‘“‘ The Tremadoc sewage is a wonderful specimen—quite the 
purest I have ever examined.” 


Yes, at all outlets except Tremadoc. That from Tremadoc cannot flow out 
owing to the lock gates being closed when the tide is fairly high. Port- 
madoc and Tremadoc are partly under high-water mark. 


Tremadoc sewage is discharged immediately the lock gates open, after the 
tide has ebbed for some time. 


At Tremadoc and one of the Portmadoc outfalls t1e tides are rather sluggish. 
At Borth and the other Portmadoc outfall the tides are rapid. 
The tide ebbs towards open sea, and in rising flows up estuary of river. 


Tremadoc sewage is discharged into a narrow tidal stream or “cut.” 

No. 1 outlet Portmadoc also discharges into this tidal stream. 

No. 2 outlet Portmuadoc discharges into the shipping harbour. 

Borth outfall is situated 264 yards from the shore. The depth of water 
at low spring tide is 12 inches, and at high spring tide 19 feet. 


No. 
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Portmapoc, TREMADOC AND BorTHYGEST—continued. 





QUESTION. ANSWER. 





11. Is there any considerable | No. 

. growth of green sea weeds 
(such as wlva latissema or the 
different varieties of entero- 
morpha) near the outfall or 
along the coast, and, if so, 
does a nuisance ever arise in 
warm weather from the weeds 
being washed ashore and de- 
composing ? 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall. or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been | No. 
made as regards the effects of 
the discharge on fish life ? 


14, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


P. Fraser, M.D. 
Medical Officer of Health. 
Camarvon. 
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PORTSMOUTH. 





QUESTION. 


ANSWER. 





10. 


LE 


12. 


. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


_ At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (0) at high 
(spring) tide. 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Ts there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 


as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- 


formation of a similar nature 
which you may think useful. 


6225—Ap. VI. 


196,000. 


Nominal flow about 8,900,000 gallons. 


Sewage from dwelling-houses ; trade effluent from breweries only. 


One hour after high water and then discharges for one hour. 


Very rapid ; during the time of discharge the tide flows to the south-east or 
direct into the English Channel. 


(a) About 20 feet. 
(b) About 34 feet. 


No. 


No growths whatever. 


None. 


The sewage of Portsmouth is carried by gravitation to a Pumping Station at 
Eastney and pumped through a 42-inch rising main into storage tanks of 
44 million gallons capacity, and from thence discharged into Langstone 
Channel one hour after high water, The current in the channel is from 
five to seven knots per hour, and the sewage is taken by the ebb-tide to 
the south-east into the English Channel. 


Puriie Morcs, 


Borough Engineer, 
4B 
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() UESTION 





1. Population of drainage area ? 


bo 


. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and_ trade 
effluent (if any) ? 


A typical analysis should be 
given, if possible ? 


4, Ig the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the; Sludge, intercepted by straining tanks, is conveyed on to farm of 600 acres, 


formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
lischarge on fish life? 


14, Please furnish any further in- 


formation of a similar nature | 


which you may think useful. 


PRESTON (LANCS). 





ANSWER 


115,505. 


42 million gallons 


Domestic. 


No. 


Sent through small straining tanks, afterwards used for broad irrigation of 
land. 


On receding tide. 
Rapid. 


33-inch pipes discharge through river wall into tidal river, about 2 teet above 
low water of spring tides. 








and then worked into land. No formation of sludge in river. 


H. O. PILKINGTON, 
Medical Otlicer of Health. 
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QUESTION. 


1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the 
crude state ? 


e 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible, 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low spring tide and (4) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Ils there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any other in- 
formation of a similar nature 
which you may think useful. 








PWLLHELI. 
ANSWER. 
3,735. 
59,760 gallons. 
Domestic. 
Yes. 
Ne. 


Four hours per tide, at low tide, and the period before and afier. 
Rapid Ebbing tide to south. Flowing tide to north. 


Close to shore. (a) 2 feet, (0) 12 feet. 


No. 
No. 
No, 
No, 
T. CUNNINGHAM, 
Per Dr. Fraser. Surveyor 
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3. 


on 


6. 


eo) 


10. 


Le 


13 


14 


- I 


()UESTION. 





. Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem ? 


Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


Is the sewage or treated effluent 
discharged at all states of the 
tide ? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (6) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


‘ 


™m 


there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties . of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom. 
posing ? 


R 


there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


Have any complaints been made 
as regards the effécts of the 
discharge on fish life ? 


Please furnish any further in- 
formation of a similar nature 
which you may think useful. 





RAMSGATE. 


ANSWER. 





28,459, 


About 1,100,000 gallons per twenty-four hours. 


Ordinary domestic sewage. There is no trade effluent beyond that from two 
small breweries and seventeen slaughter houses. The character of the 
effluent is very mild. 


Yes. 


It is discharged during twenty-one to twenty-two hours out of the twenty 
four. 


The tidal outfall sewer is tide-locked for about one to one and a half hours at 
high water. ‘I'he outfall sewer is of 42 in. iron pipes, and it discharges 
just below the lowest low-water mark. The main intercepting sewers on 
the land are 6 ft. 0 in. by 4 ft. 6 in. brick sewers or 3 ft. 6 in. concrete 
tubes, with a good inclination to the outfall sewer. 


About four miles an hour. The flood tide flows for five hours in a westerly 
direction, and carries the sewage towards the south foreland. The ebb 
tide then flows for seven hours in a south-easterly direction, and carries it 
into the Gulf Stream and the neighbourhood of the Goodwin Sands. 


1,200 ft. 
(a) 4 ft. 
(8) 17 ft. 


> 


Never the slightest. 






The chief weed that grows on the chalk rocks is the common bladder wrack ; 
it is no more abundant here than at all other parts of the sea coasts in 
Thanet. No nuisance arises from t. 


None whatever. 


No. _ On the contrary, the neighbourhood of the outfall, within half a mile on 
either side, is a favourite spot for anglers from small boats. 


T. G. Sryvan, 


Ramsgate. Medical Officer of Health, 
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CITY OF ROCHESTER. 





(QUESTION. 


ANSWER. 





5 if 


2. 


3. 


10. 


Ai. 


12. 


Population of drainage area ? 


Approximate volume of sewage 
discharged per diem ? 


Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and at 


what state of the tide does the 
discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and () at high 
(spring) tide ? 





30,590 (Census 1901). 


Impossible to say. 


Sewage crude. Trade effluents are small in quantity, and are from breweries 
and an oilseed mill. Several outlets are into onen creeks, and there 
are many smaller outlets. Some of the outlets carry surface water alone, 
and the others water from surface drains into which house drains in 
some cases discharge. 


Yes. 


Yes. 


Sluggish near outlets. Direction at right angles to outlet. 


The outfalls, with one exception, empty through rills running through the 
mud banks. 


Has any nuisance arisen at any | Nuisances frequently arise from the accumulation of sewage-polluted mud in 


time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
ected ashore and decompos- 
ing 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 





the creeks and rills. 


No weeds. 


No actual banks of sludge are formed, but the mud of the creeks and rills is 
much sewage-polluted. 
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City OF ROcHESTER.—continwed. 





(JUESTION. | ANSWER 





13, Have any complaints been made | Yes. From oyster fisheries lower down the river. From local eel fisheries. 
as regards the effect of the From local shell-fish dealers generally. There is reason _to suppose that 
discharge on fish life ? cases of enteric fever have arisen through the consumption of uncooked 

shell fish gathered from various unauthorised localities in the river. 


14, Please furnish any further in- | It should be stated that the present house drainage of Rochester is mainly 
formation of a similar nature into cesspools, which are pumped out or otherwise cleared and the contents 
which you may think useful. put upon agricultural land. There ‘is, undoubtedly, a certain quantity of 

crude sewage which finds its way into the river through the drains, but 

this represents a very small proportion of the total sewage of the city. 

Chatham and the other towns on the river are practically in the same 

position with regard to sewage disposal, although Gillingham has recently 

adopted main drainage and disposes of its sewage by chemical precipita- 
tion. The principal sources of the river pollution are, I should say, from 
the Government naval and military establishments abutting on the river. 


SIDNEY PRITCHETT, 
18th March, 1904. Medical Officer of Health. 
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(QUESTION. 


SCARBOROUGH. 


ANSWER. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide % 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the ae of outfall, and 
what is their direction ? 


9, At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (0) at high 
(spring) tide? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green. sea weeds such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ¢ 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further infor- 
mation of a similar nature 
which you may think useful. 


Approximately 39,700 (middle of 1904). To this visitors must be added in 


summer months. 


Approximately about ? million gallons per diem + rainfall 


Domestic only. 


Yes. 


The rapidity varies with the state of the tide. Speaking generally, the flow 
is from the south out of the bay, and the ebb is towards the north. 
Thus nothing is deposited on either foreshore. 


There are two outfalls discharging at low water mark of ordinary tides, one 
situated at the point of junction of the harbour and the new marine drive, 
and the other outfall being situated at Scalby Ness. 


No nuisance has to my knowledge ever arisen on the foreshore. With regard 
to the outfall near the harbour there is no nuisance, and has been nene to 
my knowledge. With regard to the outfall at Scalby Ness, there is 
certainly nuisance, but as no one ever goes there, it does not cause any 
inconvenience. 


With regard to the outfall near the foreshore, I have noticed none. With 
regard to the outfall at Scalby Ness there isa considerable amount of green 
sea weed, and also much of the large, broad, brown sea weed. I have never 
heard of nuisance arising from decomposing sea weed washed ashore nor 
have I myself observed it. 


With regard to the outfall near the harbour, there is no evidence of the 
formation of sludge banks. With regard to the outfall at Scalby Ness, 
there is, near the outfall, what I take to be a sludge bank. Partly, how- 
ever, this is composed of clay washed down from the cliff, which at this 
part is composed wholly of clay. 


No. 


Frep Dirrrmar, M.D., 
Medical Officer of Health. 
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NEW SHOREHAM, SUSSEX. 
QUESTION. ANSWER. 
1. Population of drainage area ? 3,837. 
2, Approximate volume of sewage | 125,000 gallons. 


Or 


6. 


~I 


10. 


if. 


discharged per diem ? 


. Nature ef swage and trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


Is the sewage or treated effluent 
discharged at all states of the 
tide? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (4) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such. as 
ulva latissima or the different 
varieties of —enteromorpha) 
near the outfall or along the 
coast, and, if so, does a nui- 
sance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


No trade effluent ; ordinary house sewage. 


Occasionally when the filters are blocked. 


Passed through two filters having 75 8 in. holes and 95-2 holes through the 
same respectively, and formed with parallel iron plates fixed 3 in. apart, the: 
space thus formed being filled with coke. Precipitation of sludge takes. 
place in front of filters, and is raised with buckets, mixed with road grit, 


and disposed of to a local farmer. 


ANALYSIS. 


Grains per Gallon. . 


Chlorine - : 2 ‘ b - B 
Nitrogen as Nitrates or Nitrites  - =e; 2 = 
Free Ammonia - Se |=) 5 
Albuminoid Ammonia - - : : - 

Oxygen consumed at 100° - ~~ - 4 Ps - 
Oxygen after incubation at blood heat - = e 
Sulphuric Acid as Sulphates - - : - - 
Total solids - : 2 é * sree 2 


Loss on ignition - - =: el ge Rae 
Only when the head of sewage is greater than the water 


after heavy rain. 


On the ebb tide. 


Sluggish at first, then more rapid. 


(a) 4 ft. from shore 1 ft. deep. (6) 90 ft. from shorz 12 ft. deep. 


No complaint has been received. 


There is growth (not considerable) of sea weed near the mouth of the river. 
Along the coast west of the river it grows in considerable quantities, and 
18 at certain times washed into the river and causes a nuisance if dis-— 


turbed during its decomposition. 


Siva rod bad) 


- a trace 


3 QB OM. 1 


ee: 
- 18°48 
a 9 Mi0ial 
- 199 — | 
137-2 | 
- 50°5 







in the river—as. 
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NEw SHOREHAM, SUSSEX—coniinued. 





QUESTION, ANSWER 


12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


_ 13. Have any complaints been made | No. 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- 
formation of a similar nature 


which you may think useful. 3 
C. M. KEMPE. 
9th July, 19-4. 
4C 
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q 
SOUTHAMPTON. 
ee ee a ae ee 
QUESTION. ANSWER. 
1. Population of drainage area ? 112,500. 


2. Approximate volume of sewage | 3,000,000 gallons. 
discharged per. diem ? 






3. Nature of sewage and trade | Chiefly domestic. Several breweries and one or two small dyers discharge 


effluents (if any) ? into sewers. 
A typical analysis should be ANALYSIS OF SEWAGE. 

given, if possible. alex eee re Ao alice 
Albuminoid Ammonia - - - : - - = 0°9662 
Solids in solution - o> we - - = . 233°66 
sf ,, suspension - . - - : . = “3536 
» total - - - 2 2 3 - 269°03 
6 volatile - - iat - = « - 78°29 

Oxygen absorbed in four hours - - - : a 





5°6357 


The above are the averages of fourteen samples of sewage representing day 
and night flow. : 


4, Is the sewage discharged in the | At times a small amount is discharged in a crude state. 
crude state ? 


5. If not, to what process of treat- | Partial subsidence. 
ment is it first subjected ? 


A typical analysis of the treated ANALYSIS OF EFFLUENT. 
sewage should be given, if 
possible. Free Ammonia -. - - : - - - - 3°76 
Albuminoid Ammonia - . - - 5957 
Solids in solution - - - - 175871 
,» Suspension - - - - - - -  28°578 
N, motal > - - - - - - 204-449 — 
» volatile =" 5 > 24) "o=s. See 66°428 
. Oxygen absorbed in four hours - - - - 4'8293 


6. Is the sewage or treated effluent | Yes. q 
eee at all states of the 
tide ? 


7. If not, during what period and | The main bulk of sewage is discharged on the ebb tide 
at what state of the tide does 


the discharge take place ? 


8. Are the tides sluggish or rapid | The tides are rapid on the ebb, which takes three hours to run away, owing 
near the point of outfall, and to double tide. 
what is their direction ? 


9. At what distance from the shore | The town is built to shore, and the tanks are situated on shore, to which the 
is the outfall situated, and in tide rises. . 


what depth of water (a),at low f 
(spring) tide and (4) at high 
{spring) tide ? 
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QUESTION. 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 

‘ coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 
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SoUTHAMPTON—continued. 








A considerable amount of mud-land surrounds the town, and in warm 


weather many persons object to the smell. 


There is a large amount of wlva latdssima on the south and west sides of the 
town, where comparatively no sewage is discharged. 

The River Itchen, which receives the sewage of Southampton, Eastleigh, 
North Stoneham and Itchen Urban, although having considerable mud- 


banks, grows very little. 


There has been, but the sludge banks have been dredged. 


Iam not aware of any. 


the season. 


Salmon frequent both the Itchen and Test during 


R. E. Lauper, 


Medical Officer of Health. 
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QUESTION. 


1. Population of drainage area ? 


10. 


11. 


12 Is 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and _ trade 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjeeted ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effiuent 


discharged at all states of the 
tide? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


et what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (6) at 
high (spring) tide ? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore 4 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


APPENDIX: 


SOUTHEND-ON-SEA. 


ANSWER. 


38,000 (increasing). 





Effluents from gas works (to be stopped). Otherwise ordinary domestic 


sewage. 


Yes. 


No. 


Sewage is discharged one hour after high water until one hour before low 


water. 


Rapid. East and west. 


Overamile. - 
(a) Top of pipe just visible. 
(6) 16 feet cover. 


Some along the coast, which sometimes washed ashore at the Southchurch : 
beach and occasionally gave rise to a nuisance. Much less than formerly 


No. 


ROYAL COMMISSION ON SHWAGE DISPOSAL. 537 








SOUTHEND-ON-SEA—continued. 





(QUESTION. 





ANSWER. 





13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


44, Please furnish any further in- 
formation of a similar nature 
which you may think useful. 


Owing to the rapid ebb tide, and the discharge of the sewage over a mile 


from the shore only during the ebb-tide, the sewage from Southend is 
immediately diluted to an enormous extent and carried away miles sea- 
wards. The estuary is from six to seven miles broad at Southend and 
quickly widens. Occasionally when a strong south-east wind is blowing 
a scum may be seen on the water and a slight odour perceived at the head 
of the pier only, which is 14rd miles from the shore, and about a quarter 
of a mile from the outfall. Apart frem this J have never seen any 
evidence of sewage along the foreshore or along the whole length of the 
pier (with the exception of the pier head just mentioned). As the pier- — 
head is, of course, in deep water at all states of the tide. the matter is 
more one of esthetic than of sanitary interest: 


J.T. OC. Nasu, 
Medical Officer of Health. 
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SOUTHPORT (LANCASHIRE). 





QUESTION. ANSWER. 





1. Population of drainage area ? 49,600 (estimated to middle of 1904). 


2. Approximate volume of sewage | 1,500,000 gailons. Including subsoil water, about 2,000,000 per diem. 
discharged per diem ? 


3. Nature of sewage and trade | A weak domestic sewage. Trade effluents from brewery, &c., practically a 




















effluents (if any) ? negligible quantity. 
A typical analysis should be In GRAINS PER GALLON. 
given, if possible. : 2 
Oxygen 
Z absorbed : 
Nitrates 
Samples. . | Smell. | Chlorides. Bree pea Mince 
TmaNY in 4 hrs. dare 
at 80 °F 
Crude sewage taken | Sewage 14°6 5:0 23 | None 
a.m. June 13, 
1900 
Crude sewage taken | Strong 22°4 13°1 4:0 None 
6 pm. June 21, | sewage 
1900 
Crude sewage taken | Strong 14'] | 16:8 6°30 None 
6 p.m. July 17, | sewage 
1900 











The last two samples taken later in day will be noticed to be stronger than 
the first taken in early morning. These are the latest analyses we have. 


4. Is the sewage discharged in the | Yes. 
crude state ? 


5. If not, to what process of treat- | A very small quantity of sewage is intermittently treated on two small 
ment is it first subjected ? experimental bacterial beds, but the bulk of the sewage is untreated. 


A typical analysis of the treated 
sewage should be given, if 
possible, 


THE FOLLOWING ANALYSES simply show the results obtained by our small experimental coke-filter beds soon after 


they were put down, and as far as they went, were considered very satisfactory. The samples of crude sewage are the 
same as the two last of those given under, Question 3. 


























Condition 
Oxygen after stand- |... 
a Smell. |Chlorides,| SUspended | absorbed in | piper ing 72 hrs. in pape 
; ‘| Matter. in 4 hrs. at wee bottle at room Nindter 
80° F. temperature. % 
Samples taken June 21, 1900. In |Grains per Giallon. 
Crude sewage - . ar Strong 22-4 13°1 4:0 0 Decomposed | None 
sewage and gcne 
black 
Effluent of same, after treatment | Distinct 24:0 Qi 15 62°5 Not decom- | None 
on first filter bed (for 2 hrs.) sewage posed ; 
Final effluent, after treatment for Faint 49°) | 0'4 05 87.5 Not decom- 0°5 
2 hrs. each, on first and second | sewage posed 
filter bed. 
Samples taken July 17, 1900. 
Crude Sewage - - - - - | Strong 1471 16°8 6°30 0 Black and None 
sewage smell of HS 
Effluent from coarse bed (first bed) Sewage 16°4 4°] 2°66 58 Ditto None 
Effluent from fine bed (second hed) Nil 21°8 0:8 1°05 83 Clear wir no 1-0 
sme 












The increase and amount of chlorides in the effluents 


as compared with the amount in the crude sewage is probably 
due to salt spray from the sea passing over the beds 


ee 
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SOUTHPORT (LANCASHIRE)—continued. 





QUESTION. 


ANSWER. 





6. Is the sewage or treated effluent 
te Sat at all states of the 
tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9, At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (4) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour. 
hood of the outfall or on the 
foreshore ? 


il. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along 
the coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ¢ 


19. Is there any evidence as to the 
formation of sludge ,banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further in- 
formation of a similar nature 
which vou may think useful. 


Yes, 


Sluggish—directly towards the land. Near the sewer outlet is a small 
land-water channel (into which the sewer outlet is discharged), up which 
some sewage is carried for about a quarter of a mile from the sewer out- 
let, as the tide comes in. 


Outfall discharges into tidal channel on shore, about a quarter of a mile away 
from any habitation, and about three miles away from Southport. 

(a) Just out of water. 

(6) 8 ft. deep. 


Complaints have been made for many years by inhabitants of Crossens, a 
fishing village about a quarter of a mile from sewer outlet, but (as men- 
tioned under Questior 12) it has always been a question whether or how 
much of the nuisance has been caused by deposit of sewage, or by deposit 
of débris, &c., from slow running waters from peaty agricultural land. 


There are some sludge banks close to sewer outlet and along channel men- 
ticned in Question 8, but it has always been a question locally as to how 
far they are caused by sewage or by débris, &c., deposited from the land 
waters coming down said channel. 


Not to my knowledge. 


I am of opinion that all places discharging crude sewage into the sea ought 
to be called upon to adopt some system of treatment. 


JOHN J. WEAVER, 


Medical Officer of Health. 
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Mule 


(QUESTION. 


. Population of drainage area ¢ 


. Approximate volume of sewage 


discharged per diem ? 


. Nature of sewage and trade 


_ effluents (if any) ? 


A typical analysis should be 
given if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide? 


. If not, during what period and 


at what state of the tide does 
the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide? 


. Has any nuisance arisen at any 


time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of —enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? : 


12. Is there any evidence as to the 


formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 





SOUTH SHIELDS, 


ANSWER. 





107,000, 


1,500,000 gallons. 


The great proportion of the houses are provided with ash closets, 
only about 5,000 water-closets in the town. There ure no trades carried 
on in the borough the effluent from which is of any importance, except. 
possibly the gas works. There are, however, large deposits of alkali 
waste (the relics of former extensive chemical industry), and soakage from 
these finds its way into certain of the sewers ; this soakage is charged with 
various sulphur compounds, and gives off HS (sulphuretted hydrogen) in 
varying :mount. 


there being: 


None available. 
Yes. 


No ; all the sewers are tide-locked. 


The sewers are locked for two hours before and two hours after high tide. 


Moderately swift ; mostly at right angle to the mouths of the sewers. 
None of the sewers debouch on the coast line, but all enter the River Tyne. 


There are 14 outfalls, all at a level midway between low and high water: 
with the exception of two, which discharge 3 feet below low-water mark. 


Yes. We have had complaints almost solely with regard to one outfall. This: 
outfall is peculiarly situated. Immediately below it, @.e., lower down the 
river, is the ferry landing-stage, and below this again is a small natural 
creek, the “ Mill Dam.” The complaint has been two-fold—(a) of offensive 
smells from the mouth of the sewer, and (6) of deposit of black offensive: 
material in the creek and foul odours proceeding therefrom. As far as I 
could personally ascertain, the odour was almost purely that of H,S, from | 
the sewer mouth, and of H,S plus a slight trace of ordinary oat smell 
from the deposit in the creek. This nuisance has been very great 
gated within the last year by dredging the creek so as to provide for the 
constant presence of water therein, and by placing a hood over the sewer 
so that the mouth is not exposed at any time of the tide. 


No. 


y miti- 


« 
i 





al 
Vide reply to 9 and 10. There is evidence of deposit in the vicinity of the 


sewer there referred to, outside as well as in the creek. 





a 
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SouTH SHIELDS—continued, 





QUESTION. ANSWER. 





13. Have any complaints been made | No. 
as regards the effects of the 
discharge on fish life ? 


14. Please furnish any further infor- cole 2 Ba 
mation of a similar nature 
which you may think useful. 
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STIRLING. 





(JUESTION. ANSWER. 
eS Oe ee eee ee 


. Population of drainage area ? 18,800. 


—_ 


2. Approximate volume of sewage | 1,050,000 gallons. 
discharged per diem ? 


3. Nature of sewage and trade | Principally house sewage. No obnoxious trade effluents. 
effluents (if any) ? 


A typical analysis should be —— 
given, if possible. 





4. Is the sewage discharged in the | Yes. 
crude state ? 


oO 


. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated ae 
sewage should be given, if 
possible. 


6, Isthe sewage or treated effluent | Yes. 
discharged at all states of the 
tide ? 


7. If not, during what period and oe 
at what state of the tide does 
the discharge take place ? 


Se) 


. Are the tides sluggish or rapid | Rapid seawards, the river having a good flow in addition to outgoing tide. 
near the point of outfall, and 
what is their direction 2 





9. At what distance from the shore | Discharge direct into river, 
is the outfall situated, and in (a) Five to six feet. 
what depth of water (a) atlow () Thirteen to fourteen feet. 
(spring) tide and (4) at high | 
(spring) tide ? 





10. Has any nuisance arisen at any | Yes, when the main outfall discharged into a creek short of the river, but 
time either in the neighbour- that was rectified in 1899 by. carrying the sewer forward to the river and 
hood of the outfall or on the filling up the creek. There is no nuisance whatever now. 
foreshore ? 


11. Isthere any considerable growth | No. 
of green sea weeds (such as | 
ulva latissima or the different 
varieties of —enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? | 





12. Is there any evidence as to the | No. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13, Have any complaints been made | No. 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further Bor- Arrears 
mation of a similar nature 
which you may think useful, 


A. FarrRtre WILson, 
February 26th, 1904, Medical Officer of Health. 
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STOCKTON-ON-TEES. 





QUESTION. ANSWER. 








1. Population of drainage area ? 53,000. 


2. Approximate volume of sewage | 1,000,000 gallons. 
discharged per diem ? 


3. Nature of sewage and trade | Surface water, domestic drainage. 


effluents (if any) ? - Sewage from about 2,500 water closets. 
. 3 a brewery — - - about 1,100 gallons daily. 
Ps 2 slaughter-houses — - + 000 ae a 
. ” ” tripe boiling % i » 10,00C ” ” 
‘ » bacon curing - - », 3,000 a5 oa 
a 3 laundry - . » 12,000 re 2 
; % confectionery works oot bude OO ie ES 


- A typical analysis should be | No analysis available. 
given, if possible. 


4, Is the sewage discharged in the | Yes. 
crude state ? 


5. If not, to what process of treat- ta HEA 
ment is it first subjected ? 


eiupeasanaryeis Of the-treated |--"- Fe 
sewage should be given, if 
possible. 


o 


Is the sewage or treated effluent | Yes. 
discharged at all states of the 
tide ? 


7. If not, during what period and at ———--- 
what state of the tide does the 
discharge take place ? 


. Are the tides sluggish or rapid | Rapid. 
near the point of outfall, and 
what is their direction ? 


oO 


9. At what distance from the shore | The outlets, five in number, are on the bank of the River Tees, about eleven 


is the outfall situated, and in; miles from the mouth. Two of them discharge below low water level 
what depth of water (a) at low and three at the mean level of spring tide. 

(spring) tide and (4) at high 

(spring) tide ? 


10. Has any nuisance arisen at any | Objectionable odours have been observed occasionally. 
time either in the neighbour- 
hood of the outfali or on the 
foreshore ? 


11. Is there any considerable growth | No. 

of green sea weeds (such as 

ulva latissima or the different 

varieties of enteromorpha) 

near the outfall or along the 

coast, and, if so, does a 

nuisance ever arise in warm 

weather from the weeds being : 
washed ashore and decompos- 

ing ? 


12. Is there any evidence as to the | Doubtless the mud which is constantly being deposited on the banks of the 


formation of sludge banks in river contains a certain proportion of solid material derived from sewage, 
the neighbourhood of the out- but to the ordinary observer this cannot be differentiated from ordinary 
fall or elsewhere caused by alluvium, 


deposit of sewage solids ? 


13. Have any complaints been made | I have not heard of any. 
as regards the effect of the 
discharge on fish life? 


14. Please furnish any further in- 
formation of a similar nature 


which you may think useful, . 
THomas Horne. 
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SUNDERLAND. 








QUESTION. ANSWER. 





1. Population of drainage area ? About 150,000. 


2. Approximate volume of sewage | Have no records. 
discharged per diem ? 


3. Nature of sewage and trade | Brewery effluents, laundry effluents, 
effluents (Gif any) ? 


A typical analysis should be aE 2 
given, if possible. 


4. Is the sewage discharged in the | Yes, 
crude state ? 


5. If not, te what process of treat- it Path Set 
ment is it first subjected ? 


A typical analysis of the treated sees | 
sewage should be given, if 
possible, 


6. Is the sewage or treated effluent | Yes. 
discharged at all states of the 
tide ? 


bo i 


. If not, during what period and fe Segre bees 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid Fairly rapid. 
near the point of outfall, and 
what is their direction 2 


9. At what distance from the shore | There are sixteen outlets altogether, some discharging into the sea direct and 
is the outfall situated and in the remainder into the river Wear which is a tidal river. The farthest 
what depth of water (a) at low outlet from the sea is situated about 13 miles up the river. 

(spring) tide and (6) at high \ 
(spring) tide ? 


10. Has any nuisance arisen at any | None, 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth | Sea weed is washed ‘ashore occasionally in heavy weather and causes 1 

of green sea weeds (such as nuisance when decomposing. 

ulva latissima or the different 

varieties of enteromorpha) 

near the outfall or along the 

coast, and, if so, does a 

nuisance ever arise in warm 

weather from the weeds being 

washed ashore and decom- 

posing ? 


12. Is there any evidence as to the | None. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | None. 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further’ in- =e 
formation of a similar nature 
which you may think useful. 
Henry Ramey, 


Medical Officer of Health. 
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SWANSEA. 





QUESTION, 


ANSWER, 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and _ trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tide? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 


(spring) tide and (4) at high 


(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please furnish any further infor- 
mation of a similar nature 
which you may think useful. 


Swansea County Borough, 96,624, estimated (1908). 


Dry weather, 5 million gallons approximately, 


Effluent of many important metal industries including iron, steel, tinplate, 
silver, lead, copper, nickel and chemical works—within the County 
Borough of Swansea, not including metal works higher up the Swansea 
Valley, but not within the boundaries of the County Borough. 


No analysis has been made of the sewage and trade effluents, 


Yes. * 


Yes. 


Rapid, during flow and ebb of the tide. 

Range of tide level from high to low water ; ordinary spring tides 29 feet.— 
(Borough Engineer). 

Flood tide, eastwards; ebb tide, westwards, opposite the mouth of the 
Swansea river (Tawe). 


Main outfall delivered through quay wall into river within a few inches 
above level of Ordnance datum. 

(a) 12 feet at high water, low spring tide; (6) 16 feet at high water, high 
spring tide.—( Borough Engineer). 


A few complaints have been received 


There is some growth of the sea weed described, but (not considerable along 
the shore of Swansea Bay. No nuisance arising from this cause has been 
brought under my notice. 


It is alleged that there is a gradual accumulation opposite the Swansea 
main outlet sewer, which accumulation is removed in the course of 
ordinary dredging of the river channel, towards the removal of which a 
contribution is made to the Swansea Harbour Trust by the Urban 
Sanitary Authority.—(Borough Engineer), 


E. Daviss, 


March 8rd, 1904, Medical Officer of Health. 
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SS ET Re TE Se PS 
TEIGNMOUTH, DEVON. ; 
QUESTION. ANSWER. 
1. Population of drainage area ? Census, 1901, 8,502 ; estimate, 1903, 8,540. 
2. Approximate volume of sewage | Average daily water supply, 1903, 178,250 gallons. 
discharged per diem ? 
3. Nature of sewage and _ trade | Ordinary domestic sewage. No trade effluents. 


or 


-I 


effluents (if any) ? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated _ 
sewage should be given if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and at 


what state of the tide does the 
discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide, and (4) at high 
(spring) tide ? 


No analysis available. 


Yes, from three outfalls in Teignmouth and three in Shaldon. 


Yes, with the exception of the 30-inch main Teignmouth outfall, which is the 


. 


largest and most important. 


The 30-inch main Teignmouth outfall discharges only on the ebb, beginning 
one hour after high water and ceasing an hour and a half before low 
water. 


Rapid. Generally at right angles to the line of sewer. 








—_ 


Below high 
water mark. 





Below low 
water mark, 








Feet. Feet. 
30-inch main, Teignmouth - - 205 9 
Coombe, “ - - - 315 4-5 
Forester’s Lane, ©,, - - - 2 coat 
Eleff’s Quay, Shaldon  - et 155 CaN 
Main Sewer, , - - - - 590 eS 
Ringmore ,,_,, - - - - 530 











(0) 














ft. in. 
30-inch main, Teignmouth - - - - - Zi GaN 
Coombe, F Zifnp- Petes Mie 4 
Forester’s Lane, __,, 4 4 - ¢ : Bt 
_ lefts Quay, Shaldon=- <= ee 5 8 
Main Sewer, inte ES eee t 3 7. a 
Ringmore _,, he - : 5 6 


The range of spring tides is 13 feet ; allowance for wind variation about 
1 foot 6 inches either way, 


Depth at high sprirgs. — 
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TEIGNMOUTH, DEVON.— continued. 





(JUESTION. 


ANSWER. 





10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decompos- 
ing? 


12. Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the ont- 
fall or elsewhere caused~ by 
deposit of sewage solids ? 


13. Have any complaints been made 
as regards the effect of the 
discharge on fish life ? 


14, Please furnish any further in- | 
formation of a similar nature | 


which you may think useful. 











Yes” ; complaints are common in summer as to floating solids deposits cn 
foreshore, and smell. 


Ulva latissema is plentiful, floats to and fro with the tide, and is often 

deposited, in decomposing state, upon the large sand bank in centre of 
harbour, ‘known as “ Salty.” "Tn late summer of 1895 an enormois 
quantity (250-300 tons) was washed into a hollow in the bar at mouth of 
river, and there lay decomposing for weeks; it caused great nuisance 
till buried in sitw by Sanitary Authority. I have not identified 


enteromorpha. 


Generally; from’ Devon Sea Fisheries Committee, and from Teign Board of 
Conservators; also, as to effect on shellfish layings, but all the local 
outfalls are well on the seaward side of the shellfish beds, over which 
however, the untreated sewage from the town of Newton Abbot and from 
a number of riparian villages flows in its passage towards the sea. There 
are important mussel beds in the river above Teignmouth, the molluscs 
being laid there to fatten, and ultimately finding their way into the 
London and Midland markets, I have seen these, prior to removal by 
train, lying in bags in the river close to the main sewer outfall. Locally, 
there is no undue prevalence of enteric fever, but scattered cases have been 
from time to time undoubtedly caused by mussels and cockles ftom the 
Teign, as reported by me so long ago as 1893. There are no oyster beds. 


1, Cecit HH.’ Piécorr, M1), 
Medical Officer of Health. 
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APPENDIX : 


BOROUGH OF TORQUAY. 








QUESTION. 


ANSWER. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and _ trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ? 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 
discharged at all states of the 
tides ? 


7. Ii not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a nuis- 
ance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 


12, Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids, 


13. Have any complaints been made 
as regards the effects of the 
discharge on fish life ? 


14, Please urnish any further ,in- 
formation of a similar nature 
which you may think useful. 











Estimated for 1903, 33,800. 


Dry weather flow about 1,180,000 gallons per diem. 


Ordinary domestic sewage. Surface water is also removed by sewers. 


Yes. 


Rapid. South east. 


The invert at the outfall is only 3 feet below mean high water mark, and the 
crown of the sewer four feet above. The sewer will therefore discharge 
at high water of the highest tides. , 


None. There are no houses near the outfall. 


There is a certain amount of growth of green sea weeds on the rocks near, 
but no complaint of smell arising from its decomposition has been made. 


None. 


None. J] understand that near the outfall is a favourite place for fishing. 


T. Duntore M.B., 
Medical Officer of Health. 
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10. 


1]. 


12. 


13. 


QUESTION. 


TYNEMOUTH. 


ANSWER. 








. Population of drainage area? 


: Bis uae volume of sewage 


ischarged per diem ? 


. Nature of sewage and trade 


effluents (if any) 2? 


A typical analysis should be 
given, if possible. 


. Is the sewage discharged in the 


crude state ? 


. If not, to what process of treat- 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible, 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


. If not, during what period and at 


what state of the tide does 


_ the discharge take place ? 


. Are the tides sluggish or rapid 


near the point of outfall, and 
what is their direction ? 


. At what distance from the shore 


is the outfall situated, and in 
what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide? 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissema or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does a 


nuisance ever arise in warm | 


weather from the weeds being 
washed ashore and decom- 
posing ? 


Is there any evidence as to the 
formation of sludge banks in 
the neighbourhood of the out- 


fall or elsewhere caused by | 


deposit of sewage solids ? 


Have any complaints been made | 


as regards the effects of the 
discharge on fish life ? 


. Please furnish any further in- 


formation of a similar nature 
which you may think useful. 


6225— Ap. VI. 


53,000. 


| 1,060,000 gallons. 


Have no information. 


Have no analysis. 
| The chief industry is ship-building, with its allied trades. There are also 
lead works, sewage from which discharges into one of the docks—the 
Northumberland Dock, and close to the mouth of the River Tyne, a 
flourishing fishing trade. Dependent upon the latter are numerous curing 
| houses, and a fish refuse manufactory. Outfall sewer from these is at Fish 
| Quay. See answer to question 12. 


| Yes. 
| 


Yes. 





| In no case are the tides sluggish, but their speed varies with varying con- 
ditions of weather. In some cases the set of the tide is at right angles to 
the line of the sewer, in others the set of the tide and the line of the sewer 


are the same. 


With one or two exceptions the outfalls are situated at low water level ex- 
traordinary spring tide. High springs are about 18 ft. above low spring 
level. 


No complaints have been received. 


Yes. Ulva latissima and enteromorpha grow plentifully near to, and away 
from, the outfalls along the coast, and within the piers up to the Fish 
Quay. Hnteromorpha also grows higher up the river. 

Had no complaint. 


A slight bank is formed at one outfall, and the various outfalls have to be 
cleared at intervals of the accumulations which gather about them. 





J. EpwarD Gorton, 
Medical Officer of Health. 
4 EK 
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Lae 


12, 


13, 


14, 


WEYMOUTH AND MELCOMBE REGIS. 





QUESTION. 


Population of drainage area ? 


. Approximate volume of sewage 


discharged per diem? 


. Nature ot sewage and _ trade 


effluents (if any) ? 


A typical analysis should’ be 


given, if possible. 


. Is. the sewage: discharged in..the | 


crude state ? 


. If not, to what process of treat- | 


ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


. Is the sewage or treated effluent 


discharged at all states of the 
tide ? 


If not, during what period and 
at what state of the tide does 
the discharge take place ? 


_ Are the tides sluggish or rapid 


near the point of. outfall, and 
what is their direction ? 


‘ At what distance from the shore 
is the outfall situated: .and. in - 


~ what depth of water (a) at low 
(spring) tide and (6) at high 
(spring) tide ? | 


Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 

varieties». of 


coast, and, if “so, 
nuisance ever arise In warm 
weather from the weeds being 
washed ashore and decom- 
posing ¢ 


Is 


there any evidence as to the 
formation of sludge banks in 


the neighbourhood of the out-_ 
fall or elsewhere caused’ by - 


deposit of sewage solids ? 


Have any complaints been made 
as regards the effects of the 
discharge on fish life ¢ 


Please furnish any further in- | 
formation of a similar nature } 
which you may think useful. | 


“The outfall is situated some 1,200 feet from 





) Formerly the outfall was only 200 feet distant from the shore, and then it 


enteromorpha) | 
near the-outfall or-valong: the} 5.’ 
does’ -a'. 





ANSWER. 





EERE ———_—— 


At Census of 1901 it was 19,843. Now estimated:to be 20;450. . 

About 400,000 gallons. 

Purely domestic from the town outfall sewer. Refuse from two large 
breweries is discharged separately into harbour. . 


No analysis obtaimable.: 


Yes. 


—_—— - —_ — 


No, except during heavy rainfall, when an exceptional amount of Storm water 
has to be dealt with at the pumping station. 


During the ebb of the tide. ae. 


“Tie tides are sluggish—1} to 2 knots an hour. 


Their direction is away from the town, from N, to S. and from: N.EY to’'S.E. 


the nearest’ pomt ef the shore 
_. and that is a promontory. —. Dee ht 
Depth (a) at low spring tide; 25 feet. 
” (0) at high S68 Oe eH 


No nuisance’ has’ arisen to~my knowledge since the outfall sewer was 
prolonged to its present distance from the shore about’ three years ago. 
Occasionally it is said that a smell is- perceptible at the outfall when 
pumping first begins, probably due to the escape of imprisoned gases. 


did: give‘riseito nuisance.: > 


No. 





oe T. Henry Jones, M.D, 
Medical Officer of Health. 
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WORTHING; : 





QUESTION. 


ANSWER. 





1. Population of drainage area ? 


Z. po th eae volume of sewage 
ischarged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4. Is the sewage discharged in the | 


crude state ? 


5, If not, to what process of treat- | 


-mnent is it first, subjected ? 


~-A typical analysis of the treated | 


--. sewage should be given, if 
pale 


= 


& _ the sewage or treated effluent 


odischarged cat ; all. states of |. 


the tide ? 


7. If not, during what period and | 


at what state of the tide does 
the discharge take place ? 


8, Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction]? 


9. At what distance from the shore | 


is the outfall situated, and in 


what depth of water (a) at low | 
(spring) tide and (6) at high | 


(spring) tide ? 


10, Has any nuisance arisen at any | 


time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


11, Is there.any considerable growth 


of green sea weeds (such as | 
ulva latessima orthe different | 
varieties of enteromorpha) near | 


the outfall or along the coast, 
“and, if So, does a nuisance ever 
arise in warm weather from 
the weeds being washed ashore 
and decomposing ? 


Pas Is there any evidence as to the 
- formation: of. sludge banks in 


the neighbourhood of the out- 


fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made 


as regards the effects of the | 


discharge on fish life ? 


14. Please turnish any further in- | 


formation of a similar nature 
which you may think useful ? 


6225—Ap. VI. 





About 24,000, 


800,000 gallons. 
Of ordinary domestic character. No trade effluents, 


Sewage passes through screens, and is then lifted into high levei tanks. 


“ rs} 


One hour after high water. 


“Tides are rapid and have a south-westerly direction. 


i 
} 


a 


,200 feet south of high water mark ; (a) about one foot; (5) about seven 


teen feet. 


CHAS. KErLy, M.D., rie 
Medical Officer of Health. 
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GREAT YARMOUTH. 








QUESTION. 





1. Population of drainage area ? 


2. Approximate volume of sewage 
discharged per diem ? 


3. Nature of sewage and trade 
effluents (if any) ? 


A typical analysis should be 
given, if possible. 


4, Is the sewage discharged in the 
crude state ‘ 


5. If not, to what process of treat- 
ment is it first subjected ? 


A typical analysis of the treated 
sewage should be given, if 
possible. 


6. Is the sewage or treated effluent 


e discharged at all states of the | 


tide ? 


7. If not, during what period and 
at what state of the tide does 
the discharge take place ? 


8. Are the tides sluggish or rapid 
near the point of outfall, and 
what is their direction ? 


9. At what distance from the shore 
is the outfall situated, and in 
what depth of water (a) at 
low (spring) tide and (0) at 
high (spring) tide ? 


10. Has any nuisance arisen at any 
time either in the neighbour- 
hood of the outfall or on the 
foreshore ? 


1i. Is there any considerable growth 
of green sea weeds (such as 
ulva latissima or the different 
varieties of enteromorpha) 
near the outfall or along the 
coast, and, if so, does’ a 
nuisance ever arise in warm 
weather from the weeds being 
washed ashore and decom- 
posing ? 








ANSWER. 





52,092. 


One million gallons. 


A considerable proportion of the houses in the town are fitted with water 
closets. Very little trade effluent of any kind. 


No typical analysis of the sewage is available, but the results of a recent 
analysis of the water of the River Yare are given below :— 


Total solid matter (grs. per gallon) - - : - 1608°0 
Chlorides (as Chloride of Sodium) - + - 1417°28 
Nitrates : - . , eet ene Ace: 
Ammonia (Free) - - < - - - - - : 0273 
. (Albuminoid) - - - seh ci r >. See Opa 
Oxygen absorbed in 15 minutes at 140° F, -~ - ie "3360 


| This analysis concerns a sample which was drawn from the Yare at the time 


of ebb tide at a point below the main sewage outfalls. 


| Yes. 


More than three quarters is discharged on the ebb. 


Generally at half ebb tide. 


The tide in the Yare usually runs at an average of three miles an hour at the 
time of half ebb, but is frequently faster (up to 55 miles an hour). 


Sewer outfalls in a strong tidal river, mostly plaeed so as to be covered at 
low tide. 

(a). Average 7 feet. 

(6). Average 11 feet. 


The outfalls are 22 in number, and the immediate dilution is so great that no 
nuisance arises. 


Practically no growth of any kind of seaweed. 
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GREAT YARMOUTH—continued. 








QUESTION. ANSWER. 








12. Is there any evidence as to the | None. 
formation of sludge banks in 
the neighbourhood of the out- 
fall or elsewhere caused by 
deposit of sewage solids ? 


13. Have any complaints been made | No complaints have been made as to the deleterious effects on fish life. There 





as regards the effects of the is reason to believe that mussels dredged from the Yare near the outfalls 
discharge on fish life ? have produced typhoid fever in the past. 

14. Please furnish any further in- The Yare is a strong tidal river, and all the sewer outfalls are within 2? miles 
formation of a similar nature miles of its mouth. There is no expanse of mud exposed at low tide, so 
which you may think useful. that there is no nuisance produced by the sewage which may be remaining 


at the end of the ebb tide. Thereis no return of sewage by the action of 
the flood tide. Floats have been putin at the sewage outfalls at the 
usual time of discharge offering rewards for the return of the enclosed 
cards, but up to the present no card has been returned. 


W. H. Beacu, 
Great Yarmouth. Medical Officer of Health. 
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APPENDIX. 


SOME: OBSERVATIONS. ON- THE EFFECTS. OF. THE DISCHARGE OF SEPTIC TANK SLUDGE 
INTO A’ TIDAL ESTUARY. Sacked bg 


By Gilbert J. Fowler, D.Sc, PIC 


A number of observations have recently been made in connection with the discharge into tidal waters of sludge 
from a septic tank installation designed by the writer in conjunction with Mr. J. P. Wilkinson, M.1.0.E,, for the 
Admiralty Training Station at Shotley, near Ipswich: aie - 

These, observations were in part suggested by the Reports by Letts and Adeney on the pollution of estuaries 
and tidal waters which the author was privileged.to read in proof form, 


It was imthe first place of interest to discover how far their suggested standards of dilution would apply to the 
conditions~ at. Shotley, while in -view.. of the work of Purvis and Coleman,* of Clarkft and also of certain 
unpublished results of the author there appeared room for further investigation of the effects of sea-water and fresh- 
water respectively on therate of change of suspended sewage matters. 


_ Shotley is a land station for youths taken from the old training ships. It is situated opposite the town: of 
Harwich on the south side of a small peninsula having the river Orwell on the north and the river Stour on the 
south: Shotley point is at the junction of the mouths of the two rivers. 


The position of the septic tank installation and the outfall can be seen from the accompanying sketch map, on 
which. also. the track of the.sludge discharge is indicated. 


The sewage installation was designed for a population of 2,000 and consists of septic tanks followed by percola- 
ting filters, the effluent from which flows continuously out over the foreshore. Arrangements were -made‘in’the 
design for taking away the sludge in tank carts from time to time, but it was found more convenient to discharge it: 
into the sea at suitable states of the tide. 


About 8,000: gallons -of-mixed-sludge and.-water were let.out at. each discharge, the operation extending over 
about.-half an hour. 


The sludge valve was opened immediately upon or shortly after high tide, and the track of the discharged sludge 
observed. In all cases it-passed along with the tidal water to the junction of the Stour and Orwell estuaries, where~ 
it apparently became indefinitely disseminated. be 


On October 2nd, 1906, samples were taken from a boat about ‘200 yards below the outfall in the track of the 
sludge. The time of high tide was 11.45 a:m.; the sludge was let out from 12.0 noon to-12.30 p.m., and the samples 
were collected at 12.20 p.m. The samples were taken about one foot below. the surface, care being exercised ‘to 
prevent any air being.mixed with the sample during collection. Two small .bottles were filled for immediate 
examination, and a half Winchester was taken for detailed analysis on returning to Manchester. 


The dissolved oxygen was determined in the small bottles by the Winkler méthod, in the-oneé case shortly after 
collection, and in the other case six hours later. 


On returning to Manchester a portion of the larger sample was carefully syphoned off and the dissolved oxygen 
determined. A portion of the remainder was. re-aerated and incubated at 20° C. for twelve days, and another 
portion submitted to a routine analysis. 


A similar procedure was followed with samples taken at 2.30 p.m., or about two hours later on the same day. 
A sample of sea-water was also taken for comparative purposes at a point above the outfall. 


The results are summarised in the following table :— 





























Sample.A. | Sample B. 
Paes 12.20 p.m. October 2nd, 1906. 2.30 p.m.. October 2nd,.1906, 
Parts per 100,000. | C.c. per Litre. | Parts per 100,000,.| C.cs per- Litre: 

Dissolved Oxygen. AS LOLA Sie Ae Xahe 7 ire oe f ak aie OT 
Shortly after collection = - - - - 0°649 4°54 0°847 5:93 
6-hours —,, er 0°667 4°67 0811 5°68 
10 a.m., October 4th. - - - eee 0°342 2°39 0°738 516, 
After re-aeration and incubation for 12 days Assad Se 

--at-262 C. - - - - 2 = Nil and smeil u ee ce Be ter 2°39. 

f HS _ _ineubatec 3°65. 
pean similarly = 0°522)._ 
Numbers in parts per 100,000. Numbers ‘in: parts per- 100,000. 
General Analysis, etc., October 4th. oe ee : 

Colour - - - - - > - Nil. ' Nee ,? 
Transparency - - - - - - | Opalescent with grey sediment. |Opalescent with whitish sediment. 
Smell - ee Very faint sewage. Sea-weed. 
Oxygen. absorbed 4 hoursf:. ..-... - - 0°54 0°24 
Ammoniacal,Nitrogen..- | - - - 0°002 0003 
Albuminoid; | 4... - - z - - 0092 0027 
Nitrous 5% segy:5° - - - - ia Trace, more than B, Trace. 
GbleriMeatme: fsiyie fc anail ce: 8c 1930 1910 


(Sea-water 1940). 
a 
_* “The Influence of Sea-Water on the Decomposition of Sewage,” Journal, Royal Sanitary Institute, 1906, p-'433, 


+ Report of Charles River Dam.Committee, 1908. Boston, Wright and Potter Printing Company. 
~ At laboratory temperature. 
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Allowing for small manipulative and analytical errors the above results show clearly :— 


1. That the sludge quickly becomes mixed with a large excess of sea-water. 

2. That in the course of 6 hours, z.e., by half tide, practically no absorption of dissolved oxygen takes place at 
such a dilution and consequently no nuisance can arise from the discharge of sludge under these conditions. 

3. That two hours after discharge very little sludge can be detected in the water 200 yards from the outfall. 


A similar set of samples were taken on May 29th, 1907. In this case the sludge was discharged from 1.30 fom 
to about 1.45 p.m., high tide being at 12.55 p.m. The intention was to discharge the sludge immediately at high 
tide, but a strong wind retarded the ebb for some time. One sample was taken about a quarter-mile from the 
outfall about 2.15 p.m., the other an hour later and rather further out. As before small and large samples were 
taken, but in this case, after determining the dissolved oxygen in one small sample immediately on returning to the 
shore, the other was securely fastened and sent back to Manchester and the dissolved oxygen determined some 
two days later, the samples not being incubated, in fact being kept for some hours after arrival in the refrigerator. 
They were at any rate kept during transit, &c., about 36 hours, at the ordinary temperature. 


The following results were obtained :— 





| Sample A. _ Sample.B. 
—— 2.15 p.m. May 29th, 1907. 3.15 p.m. May 29th, 1907. 





| 


Parts per 100,000.) C.c. per litre. |Parts per 100,000.| C.c. per litre. _ 





Dissolved Oxygen. 





Shortly after collection - - - - | 0°705 4°93 0°83 5°81 
May 31st - - - - - - - | 0°53 3°71 0°78 5°46 


Numbers in parts per 100,000. Numbers in parts per 100,000. 





General Analysis, etc., May 31st. 


Colour - - - =v Nil. Nil. 

Transparency - - -— - -  - Clear with dark brownish sediment] Clear with light brown sediment. 
Smell e's vet-hp geld efiew- - > iujepe Nil. Nil. 

Oxygen absorbed 4 hours* - - - - 0°34 0°105 

Ammoniacal Nitrogen - - - €- | 0°016 Nil. 

Albuminoid a - - - - - 0°053 0°02 

Chlorine - - - - - : - | 1870 1880 





This set of observations agrees with the first in showing that in a short space of time the sludge becomes © 


disseminated to such an extent as only very slightly to affect the composition of the water. The conditions at 
Shotley, it will thus be seen, fal] easily within the standards either for Class I. or Class IL. on p. 95 of Letts and 
Adeney’s report. 

It was thought of interest to make some attempt to follow the ultimate fate of the organic matter, some of 


which is presumably deposited over a considerable area of the sea bottom. At the same time comparative obser- 
vations were made of the course of decomposition in sea-water and fresh-water respectively. 


For this purpose samples of sludge were taken from the inlet and outlet manholes respectively of one of the 
septic tanks. These samples were passed through a 4 mm. sieve to remove grit, fibrous matter, ete., and 10 ce. of 
the resultant mud added to a litre of sea-water and tap-water respectively. This solution was further diluted to 
half strength. 


The following solutions were thus obtained, which were distinguished as §, S, ete. ; 


S,;=1 per cent. by vol. inlet sludge and tap -water. 


S. = 05 ” ” ” ” ” 2” 
8S; = 1°0 ” ” ” ” Se€a- 5, 
Se = 05 ” ” ” 0 ” ” 
Sees is outlet ,, tap- ,, 
Sy = 05 ” ” ” ” ” ” 
S; =1°0 ” ” ” ” Sca- 5, 
Ss = 05 ” ” ” ” ” ” 


500 cc. each of these mixtures were placed in half Winchester bottles plugged with cotton wool. The bottles 
being each of litre capacity were half full of air, and in addition to the free circulation of air through the cotton 
wool plugs, the aeration was increased by periodical shaking. 

Before describing the changes taking place in these bottles the following analyses of the original sludges after 
sieving should be given :— 














a Inlet Sludge. Outlet Sludge. 
Percentage dry matter - - - - - - - . 9°3 9°0 
Organic and volatile in dry matter - - . . - - 24°2 57°3 
Mineral in dry matter - - - - - - : - 75'°8 42°7 
Ether Extract (per cent. on total) - - - - : 56 70 
Ether Extract (per cent. on organic and volatile) - - 23°1 12°2 








Incidentally it may be mentioned that a good deal of grit, fibrous and fatty matter, etc., was left on the sieve in 
the case of the inlet sludge, while nearly all the outlet sludge passed through the sieve. The septic tank has thus 
the effect of breaking up the origal solid organic matter in the sewage and consequently, as the sludge is only dis- 
charged from the outlet end or near the middle of the tank, it is ina condition to be rapidly disseminated throughout 
cn ve the appearance of unsightly floating solids, and without the likelihood of rapid settlement of 
1eavy solids, 


The analytical figures show clearly that grit is deposited at the inlet end of the tank and also that the percentage 


of fatty matter extractible by ether diminishes in the course of tank treatment. 
Very little smell was apparent from the first, in the mixtures of ¢nlet sludge, either with tap-water or sea-water. 











* At lahoratory temperature. 
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The following analyses, made 01 December 19th, 1906, after 76 days, of the 0°5 per cent. mixtures show that 
although ammoniacal fermentation had taken place in both cases, nitrification had been inhibited in the case of the 
mixture with sea-water. 














- Sy Ss 
—_ (0° Inlet sludge and tap-|(0°5 per cent. "Inlet sludge 





water.) and sea-water). 
Ammoniacal Nitrogen - - - - - - - - "025 21 
BA MO enOL YF seen ois . - : - - - - 115 13 
Nitrous and Nitric Nitrogen - - - - - - ‘20 02 


In the case of the owtlet sludge mixtures there was a greater proportion of organic matter and all the mixtures 
had an offensive smell to begin with. This disappeared in about a week in the case of both the tap-water mixtures 
and also in the case of the 0°5 per cent. sea-water mixture. The 1 per cent. mixture with sea-water was, however, 
black and putrid at the end of a month. 


S, and S, were analysed on December 19th, 2.¢., after two months exposure with the following results :— 


See Ss. 
— (0°5 per cent. Outlet (0°5 per cent. Outlet 
sludge and tap-water). sludge and sea-water). 
Ammonical Nitrogen - - - - - - - - 016 082 
Albuminoid __,, . - - - - - - - "26 ‘26 
Nitrous and Nitric Nitrogen -  - - - - - - Trace. Nil. 











Here again the lesser proportion of free ammonia in the tap-water mixture is evidence that nitrification is 
inhibited by the sea-water. 


The 1 per cent. samples show a curious sequence of changes. As before remarked, the sea-water mixture 
remained putrid long after the fresh-water mixture, and the results with the 0°5 per cent. mixtures show that 
oxidation of the ammonia to nitrites and nitrates proceeds more rapidly in fresh-water. 


On prolonged keeping, however, it was noticed that a small amount of green growth took place in the fresh-water 
sample which was absent from the sea-water, and on determining the free ammonia in §, (tap-water) and S, (sea- 
water) on April 19th, 1907, or seven months from the beginning of the experiment, 0°60 of ammoniacal nitrogen was 
found to be present in 8, and only 0°20 in §,. 


No nitrite or nitrate could be found in S, but abundant nztrzte was present in §,. It is possible, therefore, 
that the nitrates originally formed in S, had been consumed by the green growth, which afterwards had suffered 
decomposition, reproducing ammonia. 


It is curious to note that the loss on ignition of the suspended solids after these were collected by centrifuge 
and washed by decantation was always greater in the case of the fresh-water mixtures. 


This is shown in the following tables :— 








Inlet Sample "Description | Percentage loss on ignition of dry 
































matter. 
S: 1 per cent. + tap-water. 56°0 
Se 1 4 ». + Sea-water. 48°3 
S, 05 , > + tap-water. 58°4 » 
Se 05 ,, 5 + sea-water. 550 

eas Percentage loss on ignition of dry 

Outlet Samples. Description. ieee 
8; 1 per cent. + tap-water. 53°5 
S, le oe + seawater 42°7 
Ss, 05 , 4 + tap-water. 58°6 
Ss 05 , » + sea-water. 53°0 








It was noticeable also that the suspended solids in the fresh-water mixtures had a more flocculent appearance 
than the corresponding sediment in the sea-water mixtures. 


It seems, therefore, as if sea-water inhibits to some extent the growth of algae, etc., which develop by utilisation 
of the organic matter. There would thus appear to be actually less organic matter present after long exposure of 
mixtures of sludge and sea-water than after similar mixtures with tap-water are exposed. A comparison of losses 
on ignition after exposure with those of the original samples as given in an earlier table also shows that little or no 
actual loss of weight has occurred in either case. Too much stress should nct, however, be laid on this point, as the 
quantities to be weighed were comparatively small. 


No doubt under natural conditions some of the organic matter would be consumed by infusoria and other low 
forms of life and thas enter once more upon a cycle of change. The inorganic matters will, however, eventually 
deposit, carrying with them also some of the organic matters of a more resistant kind. 


_ Inorder to discover whether any evidence of such a deposition was left upon the foreshore, a careful examina- 
tion was made at low-tide on September 20th, 1907, extending from the effluent outlet about a quarter of a mile 
along the track of the sludge discharge, samples being taken at different points. 
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The foreshore consists mainly of thick grey mnd, shallow patches of sand oécurring at intervals. There was no 
evidence anywhere of any permanent deposit of sludge or sewage matter. Immediately below the surface of the 
clay there was a blackish sub-stratum. This was apparantly due to organic matter normally present, as it was 
found in places quite outside the track of the sludge and began always just beyond the limit of depth to which the 
air could penetrate. Evidences were frequent of the presence of molluscs, etc., below the surface of the clay, and 
this was always blackest in their neighbourhood, no doubt because of sulphate reduction caused by their excretions. 
None of the samples had any very appreciable smell, even after incubation, and loss of ignition of a sample taken 
close to the outfall was only 5 per cent., while a sample taken much nearer the dry land and out of the track of 
the sludge gave a loss of 8 per cent., both samples being sieved through a } min. mesh, 


Scattered ribbons of wlva latissima were frequently in evidence here and there on the foreshore. A_work- 
man who was present contended that the weed was washed down from Ipswich. At any rate there were certainly no 
banks of it in course of formation. 


As aresult of the foregoing investigations, therefore, it may be concluded, if sludge consisting of finely comminuted 
solids, such as accumulate at the exit end ofa septic tank, is discharged at the top of the ebb-tide under the conditions 
obtaining at Shotley, that while a t»mporary discolouration and pollution of the water takes place in the track of 
the sludge, yet at no time is the aeration reduced appreciably between tides, and finally the solids are so. widely 
distributed that no visible effect is produced, although the actual transformation [of the organic matter requires 
considerable time. 


The researches have further shown clearly that, under the conditions of experiment described, nitrification does 
not proceed so quickly in sea-water as in fresh, and both under these conditions, and under those described by 
Adeney,* oxidation of nitrogen only reaches the stage of netrite formation, in presence of sea-water. It has also 
been shown that the smell is much more persistent in mixtures of sludge and sea-water than in similar 
mixtures with fresh water, and therefore special care is necessary, before discharging unoxidised sewage matter into 
the sea, to be sure that the conlitions are such that nuisance cannot arise. In the present case other means of 
sludge disposal had been provided for, if the sea discharge had been found impracticable. Even as it was the 
laboratory experiment demonstrated that the amount by volume of the sludge to be added to sea-water must be less 
than 0°5 per cent. if nuisance is not to arise. This was only possible if care was taken to let off at the top of the 
ebb. If too long time elapsed after the turn of the tide before discharge, the whole of the blackened water was not 
carried away and remained near the shore till the returning tide. ‘ 


In view of the work of McKee undertaken at Letts’s suggestion, and quoted by the latter in a recent papert it 
would appear most probable that the persistent odour of a mixture of sludge and sea-water is due rargeyy, at any 
rate, to the production of sulphuretted hydrogen through the reduction of sulphates. In presence of nitrates 
it appears reasonable to assume that rapid oxidation of the sulphuretted hydrogen would occur. The effect 
of sea-water on nitrification is, therefore, seen to be an important factor in conditioning the production or 
otherwise of nuisance, and consequently it becomes necessary more exactly to determine the conditions under which 
nitrification is retarded or inhibited by sea-water, 


Further work is also desirable on the mutual inter-action of sulphides and nitrates under varying conditions 
and also on the sources of evil-smelling compounds in mixtures of sewage and sea-water. It is likely that mal- 


odorous compounds other than sulphuretted hydrogen are also produced by the decomposition of complex nitrogenous © 
substances which may require the presence of nitrates for their rapid oxidation. The well-known effect of nitrates 


in preventing putrefaction on incubation would point to this conclusion. 


‘ Researches by the present writer and his assistants are in progress with the object of throwing further light on 
these points. 


The laboratory work in connection with the investigation here recorded was carried out in the Public Health 
Department of the University of Manchester, when special provision has recently been made for the chemical 
and bacteriological study of sewage. . 


The thanks of the writer are due to the authorities of the Admiralty for the facilities afforded in making the 
observation at Shotley, and fur permission to publish the results. 








* Addendum to Section I. of Report, p. 459. 


+ “On Effluvium Nuisances, more especially such as occur in Tidal Localities. Journal of the Royal Institute of | 
Public Health, February, 1908. 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 


39, Victoria Street, Westminster, S.W., 
May, 1903. 


STANDARDS FOR SEWAGE EFFLUENTS. 


Sir, 


The Commission are considering the question of standards for sewage effluents, and they 
would be much obliged if you would kindly state your views on the following 
questions :— 


(4.)—Efluents which will pass into a Non-drinking-water Stream. 


1. Are you in favour of fixed standards of purity ? 


2. Assuming that you are in favour of standards, upon what principles do you consider they 
should be based ? 


Standards may be roughly divided into the following classes* :— 


(a.) A standard of non-putrescibility of an effluent upon incubation, without any 
reference to the organic matter which the effluent contains, or to the rate at which it 
would take up oxygen from surrounding water. 


(o.) A standard of non-putrescibility, having regard also to the rate at which oxygen is 
taken up from water. : 


(c.) A standard like the provisional one of the Mersey and Irwell Joint Committee. 
Such a standard may be referred to, for purposes of comparison, as an absolute 
standard. 


~ (d.) A standard depending upon some ratio, ¢.g., the ratio of oxidized to unoxidized 
nitrogen, or—a modification of this—ratio of oxidized to albuminoid nitrogen. 


The Commission feel it is important to bear in mind the fact, which has sometimes been 
overlooked, that a standard which is based entirely on the amount of organic matter remaining 
in an effluent is open to the objection that the residual organic matter in an effluent which is 
derived from a strong sewage is less fermentable, and has a less tendency to take up oxygen 
than the same weight of organic matter remaining in an effluent which is derived from a weak 
sewage. 


It may also be necessary to consider the effect of an effluent upon the bed of a stream, as, 
é.g., in encouraging plant growth, 

3. Assuming that you consider it desirable that a standard should be based—in whole or in 
part—upon the rate at which an effluent takes up oxygen from surrounding water, how would 
you propose that such a test should be carried out, having regard to (a) accuracy ; (b) simplicity ; 
and (c) to obtaining the desired result in the shortest possible time ? 

3a. Further what standard of absorption of dissolved oxygen (i.e., what figures) would you 
suggest as a good working standard, and what are your reasons for this ? 


4, If you are opposed to any definite standard, would you kindly state your reasons ? 
* Nore.—It is assumed that suspended solids are either absent, or present in small quantity only, say 
not exceeding 3 or 4 parts per 100,000 by weight of effluent. 
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(B.)—Hfluents which may pass into a Drinking-water Stream. 


5. Assuming that you are in favour of standards, do you consider that a higher standard 
-should be required in regard to effluents entering a stream from which drinking water is obtained, 
and if se, what standard would you propose for those cases 4 


6. If you have grounds for thinking that it is possible to sterilize sewage effluents, the 
Commission would be glad if you would state them. 


The Commission may add that although the condition of many streams in the country at 
present is such that the addition of some more or less impure sewage effluent to the already 
polluted water might be considered by some to be a matter of comparatively small moment, they 
are advised that the state of the stream cannot lawfully be taken into account in considering 
whether an effluent infringes the provisions of the Rivers Pollution Prevention Act. 


The Commission also desire me to say that they would be glad to know whether you have 
made any observations to ascertain whether it is easier to treat on a given area of land or filter a 
small volume of a strong sewage or a larger volume of a weak sewage, the total amount of organic 
matter in each volume being equal. If so, may I request that you will kindly furnish the 
Commission with the results of these observations. 


Lam, Sir; 
Your obedient Servant, 
F. J. Willis, 
Secretary. 
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REPLIES TO CIRCULAR LETTER. 


Mr. W. E. ADENEY, D.Sc., A.R.C.Se.1., F.I.C., Curator and Examiner in Chemistry in the 
Royal University of Ireland. 


Royal University, 
Chemical Laboratory, 
Dublin, August 31st, 1903. 


Standards for Sewage Effluents. 

To the Secretary, 

Royal Commission on Sewage Disposal. 

Sir, 

I beg to submit to you the subjoined statement giving my views on the questions which you 
addressed to me in your printed communication of May last, in reference to Standards for Sewage 
Effluents. 

(A) Effluents which will pass into a non-drinking water-stream. 

I am in favour of standards of purity suitably graduated to meet local circumstances and 
requirements. 

I would suggest that effluents to be discharged into a non-drinking-water stream should be 
classified into four groups according to the four general conditions of the average daily dry 
weather flow of the effluents being very large, large, small and very small, in proportion to the 
minimum dry weather flow of the streams into which they must be passed. 

I would define for the purpose of this classification, the conditions of very large, large, small 
and very small, flow, to be when the proportions of average daily dry weather flow of effluents 
and the minimum dry weather flow of the streams are, respectively, as follows :— 


(very large) as 1:5 or greater 
(large) as 1:5 to 1:15 
(small) as 1:15 to 1:25 
(very small) less than 1 : 25 


I base this classification upon what I have found by experiment to be the minimum dilution 
with tap water required to effect the complete carbon oxidation of the organic matters in an 
exceptionally foul sewage, and in an average town sewage, after the separation from them of the 
suspended matters by passing them through ordinary paper filters (see accompanying paper on 
Dissolved Gases and Fermentative Changes, in Addenda, pp. 49, et seq.). 

A different standard of purity would be required for each group of effluents. 

I am strongly of opinion that these standards should be formulated in reference to such 
chemical methods as are capable of yielding the most definite and aecurate results practieally 
obtainable. 

When an effluent has been classified, and from time to time carefully examined by exact 
methods, its condition can be checked by simple and rapidly performed tests that can be carried 
out by comparatively untrained persons, or by officials not having at their disposal good laboratory 
accommodation. ‘The tests I refer to are the determination of dissolved oxygen by a suitable 
volumetric method, to ascertain the rate of absorption of that gas in the effluent, and the 
determination of ammonia and oxidised nitrogen, to check the character of the fermentation. 

For exact examination, accurate determinations should in my opinion be made of the products 
of the complete aérobic fermentation of the fermentative substances in an effluent, and of the 
oxygen absorbed during the process, for the simple reason that it is the fermentative substances, 
in terms of the amount and rate of absorption of oxygen, with the accompanying quantities of the 
¢arbonic acid and ammonia, at first formed, and with those of nitrous, nitric and earbonic acids, 
afterwards formed, which are required to be known, to estimate the influence of an effluent upon 
the waters of a stream into which it is to be discharged. 

No fermentative changes other than those which take place under aérobic conditions should 
be considered as allowable in any stream, and sufficient work has been done to show that the 
course and products of aérobic fermentation of organic substances, and of ammonium compounds, 
are practically constant in character and quantity, respectively. In the evidence which I had the 
honour of laying before the Commission some five years since, | referred to two papers in which 
a considerable number of experiments are recorded all of which go to show that the aérobic 
fermentations of organic substances and of ammonium compounds, practically consists of a slow 
combustion in two progressive stages, in the first of which the organic matters are oxidised into 
carbonic acid, ammonia and water, comparatively very small quantities of humus-like colouring 
matters being also formed. The carbonic acid formed accounts for about 90 per cent. of the total 
carbon, and the ammonia for about 95 per cent. of the nitrogen, in the organic substances 
“originally present. 

After the first stage of combustion is completed, the second stage, that of the ammonia and 
of any-peaty or humus substances, either originally present, or formed during the first stage of 
combustion, commences, the products being nitrous and nitric acids, and small quantities of 
carbonic acid. 

The first stage of combustion may be fittingly termed the carbon combustion or oxidation 
stage, and the second, the nitrogen combustion or oxidation stage. 

Thus the course of aérobic fermentation in an effluent is extremely simple and constant. The 
organisms in the effluent practically behave as constant chemical factors, with the result that the 
carbonic acid and ammonia formed, and the oxygen absorbed, during the carbon combustion stage 
are practically constant for similar quantities of organic substances originally present in an’effluent ; 
and the oxygen absorbed and nitric acid formed, during the nitrogen combustion stage, are 
likewise constant for similar quantities of ammonia originally present. Difference of species of 
organisms does not appreciably affect the quantities of inorganic products of combustion, nor of 
the oxygen absorbed. 


Dr. Adeney. 


6. 


The experiments upon which the foregoing statements are based will be found recorded in 
the accompanying two papers on Dissolved Gases and Fermentative Changes, published in the 
Transactions of the Royal Dublin Society in 1895 and 1896. (See Addenda, pp. 49 et seq.) 

In the third accompanying paper the application of the Aeration Method of analysis to the 
study of river waters is discussed. (See Addenda, p. 95.) 

The standards which I would suggest for effluents might be formulated as follows :— 


Standard 1. Effluents of class 1 must be of the highest purity practically obtainable, that is 
to say, the carbon combustion stage should have been completed, and the nitrogen combustion 
decidedly commenced ; and when a sample of it is mixed with four volumes of good tap water, 
the mixture well aerated, and kept out of contact with air for 24 hours, at about 60 degrees Fahr. 
the dissolved oxygen remaining in the mixture should not be less than ths the volume of 
atmospheric nitrogen in the same. 


Standard 2. Effluents of class 2 should be so far purified that when a sample is mixed with 
nine volumes of good tap water, and the mixture aerated and kept out of contact with air for 24 
hours at about 60 degrees Fahr., the amount of dissolved oxygen in the mixture should not be 
less than ;3,ths that of the dissolved atmospheric nitrogen in the same ; and that when a portion of 
the mixture is further kept until all the dissolved oxygen is absorbed, the nitrogen combustion 
stage should have commenced. x 


Standard 3. Effluents of class 3 should satisfy similar conditions as those suggested for 
class 2, when mixed with 19 volumes of good tap water. 


Standard 4. Effluents of class 4 should also behave similarly to those suggested for class 2, 
when mixed with 29 volumes of good tap water. 

The foregoing standards are based upon the assumption that all sewage effluents discharged 
into streams must be free from antiseptics, at least from quantities sufficient to effect any retarding 
influence upon the fermentative changes set up by the micro-organisms therein. 


(B) Effiluents which may pass into a drinking-water stream. 

I am of opinion that the standard of purity for effluents to be discharged into drinking-water 
streams should certainly not be less under any circumstances than the Standard 1 above suggested, 
and in all probability the standard should be higher to ensure bacteriological safety. Experience 
would seem to warrant the assumption that if the greater portion of inorganic nitrogen in an 
effluent exists as nitric nitrogen, as a result of slow and careful filtration, the effluent may be 
considered as bacteriologically safe. The standard therefore for these effluents might well 
require such careful filtration that the greater portion of its inorganic nitrogen should exist in 
the oxidised condition. . 

With reference to the general question of the influence of effluents in encouraging plant 
growth along beds of streams with properly-purified effluents, 1 do not anticipate any special 
trouble in the case of fresh-water streams. 

When, however, an effluent is continuously discharged in appreciable quantities into sea 
water, the question may become a very serious one indeed, as we have ample evidence to show 
in the neighbourhood of Dublin, where the sea lettuce or ulva latissima grows luxuriously as a 
result of sewage being discharged on to foreshores under, unsuitable tidal conditions. 

The whole subject of the properties of the ulva latissima and the conditions which encourage 
its growth, has been most carefully studied by Professor Letts, of Belfast, and he, therefore, more 
than any other worker as far as I know, is in a position to give the Commission valuable 
information upon it, and I understand it is his intention so to do. 


- I am, Sir, 
Your obedient servant, 
W. E. ADENEY. 


~] 


Mr. SIDNEY BARWISE, M.D., D.P.H., Medical Officer of Health to the Derbyshire 
County Council. 
County Offices, 
St. Mary’s Gate, Derby. 


June 29th, 1903. 
Sir, 
I regret that owing to illness I have not had an opportunity before this of replying to your 
letter of May. 
I have now had time to consider the various questions you sent me and beg to reply as 
follows :— 


(A).— Effluents which will pass into a non-drinking water stream. 


1. I am in favour of standards of purity being fixed by some Central Authority as a generul 
guide to the various Sanitary Authorities dealing with the question ot sewage purification. I 
doubt whether it would be wise to fix absolutely and irrevocably a standard in an Act of 
Parliament, because the circumstances through the country are so different, and a standard 
which might legitimately be adopted in the lower reaches of a watershed might not come up 
to what might be necessary in the upper reaches, particularly where tributary streams are 
derived from densely-populated districts. Another reason why the standard should be 
only one adopted as a general guide ‘is that in the future new methods of analysis may 
be devised and better processes of purification be brought out, and the standard from time to 
time should be capable of being revised. It should also be made clear that, in mentioning any 
standard, it is a minimum standard. 


2. In fixing a standard of purity, I think that it is not public policy at present to fix the 
standard too high. I think, however, that for Derbyshire it should be higher than that suggested 
by the Mersey and Irwell Joint Board, and in the future as works become more perfect it may be 
raised. Such a standard ought to be so high that any authority complying with it will not 
cause nuisance by polluting streams. At the same time it should not be so high as to put an 
unnecessary burden upon the sanitary authorities who have to comply with it. I believe that 
the standard of purity that we have adopted is a reasonable one at the present moment for 
Derbyshire, and that it complies with the two conditions I have laid down. I admit that 
authorities who have carried out modern works are getting much better effluents than our 
standard suggests, and there are circumstances which may require that higher purification being 
maintained, as where the stream into which the effluent is turned is a small one flowing through 
such populous districts as there are in Staffordshire. For instance, the effluent from Langwith 
Colliery Houses rarely contains more albuminoid ammonia than °03 parts per 100,000, the last 
sample I analysed containing only -01 parts per 100,000 of albuminoid ammonia, and as will be 
seen from the Return sent herewith, the first three effluents on the list all contained -05 parts 
per 100,000 of albuminoid ammonia, and from -7 to 2°8 parts per 100,000 of nitrogen as 
nitrates. I do not think that a standard of albuminoid ammonia or oxygen absorbed alone is 
reliable, unless the nitrogen as nitrates is also taken into consideration. 

On the outside of the Return of Sewage Effluents issued by the Derbyshire County Council 

we indicate as a provisional standard for the guide of the authorities the following :— 


Albuminoid Ammonia.—A good effluent is one which contains less than 0°1 parts per 
100,000 of albuminoid ammonia. 


Nitrogen as Nitrates—An effluent should contain more than ‘5 parts per 100,000 of 
nitrogen as nitrates. The nitrates are produced by the action of the oxygen of 
the air in the pores of the land or intermittent filters. The amount of nitrogen 
oxidized to nitrates is the best index of the efficiency of the action of the land or 
filters. 


Incubator Test.—A good effluent should be so thoroughly oxidized that it does not absorb 
more oxygen after incubation for one week than it does at the time of collection 


Shake Test.—A simple test, which can be readily applied, is to shake vigorously for one 
minute a bottle half filled with effluent. All frothing should disappear in three 
seconds. 


Opacity Test.—A good effluent is one which is so transparent that Pearl type can be read 
by a person with normal sight, through a column 10 inches in depth. 


As will be seen we inform the authorities of the albuminoid ammonia, the nitrogen as 
nitrates, and the result of the incubator test. The opacity and shake tests are made in the 
presence of the man in charge of the works, and, frequently the surveyors of the district councils 
in a rough way carry out the incubator test themselves. We do not pin our faith just to one 
factor alone. 

3. I do not consider the suggestion as to the rate at which the effluent dissolves oxygen from 
surrounding water practicable, nor do I think it necessary as long as the effiuent shows only a 
small amount of residual unoxidized organic matter, and a store of oxygen in the form of 
nitrates. ‘ 

4, My reasons for objecting to a standard being established as a statutory limit have been 
explained in my answers to Question 1. This does not, however, take away the desirability of 
he minimum standard being published as a general guide for the information of local 
authorities. 


Dr. Barwise. 





(B).—Effluents which may pass into a drinking-water stream. 


5. I am not in favour of a higher standard being required, where water is taken from a. 
stream for drinking purposes. If the sewage works of a sanitary authority are a source of danger 
to the waterworks, I think that such waterworks shovld not be used. If anything further is 
required, it is that the effluent should be passed through a sand filter, but I do not think that 
the sanitary authority should be put to the expense of filtering the effluent ; this should be done. 
by the water company or sanitary authority using the river for drinking purposes. 


I do not think it can be too clearly borne in mind that this filtration of the effluent can only 
take place with the dry weather flow, and the water company ought to be compelled to have 
some arrangement for warning them when the storm overflows, which are a danger to them, come 


into action, so that they may then cease taking water from the stream at such time. I ought, 


however, to say that this matter does not affect us in Derbyshire, as we have no authorities. 
within the county taking water from any of our rivers. 


6. The only sewage works I have seen at which the sewage is sterilized are at Trouville. 
Here, the solid portion obtained by evaporation and sterilization by heat was being sold as an 
artificial manure, while the fluid parts were being driven off into the air as steam. This is the 
only way which, in my opinion, sewage can be sterilized, and it is quite impracticable in this 
country. 


The country is not prepared to spend the money for turring sewage into drinking water- 
Such a scheme in the British Isles is absolutely unnecessary. 


With regard to the filtration of sewage, personally I-believe it is an advantage to dilute an 


effluent with good water saturated with oxygen before it is passed through a percolating filter, or 


through a contact bed, but the difficulty of dealing with it on land after dilution makes it 
undesirable, therefore my suggestion is that it may be an advantage to dilute sewage, which has 
to be treated through percolating filters, after the anaérobie change has taken place in the septic 
tank. It would not be an advantage to dilute it before it went through the septic tank because 
it would necessitate the tank being unnecessarily large, and the oxygen in solution in the water 
would be wasted in the anaérobic process. 


If the Commission wished, I have an opportunity of diluting a tank effluent with river water 
before it is filtered and I could have a series of examinations made day by day to illustrate 
this point one way or the other Or if the Commission wished to make the examinations. 
themselves, the filters I refer to are about two miles from the County Laboratory, and I am sure 
that the Derbyshire County Council would be glad to place their laboratory at the disposal of 
the Commission for making the tests I refer to. 


I wish the Commission to understand that the views expressed in this letter, are not merely 
those of myself personally, but are the views approved by the County Council. 


SIDNEY BARWISE, M.D., B.Sc. 


F J. Wiis, Esq. 


—S 


Enclosure to Dr. Barwise’s Reply. 
DERBYSHIRE COUNTY COUNCIL. 
QUARTERLY RETURN OF EFFLUENTS FROM THE TREATMENT or SEWAGE. 
Explanation of Terms used. 


Albuminoid Ammonia.—A good effluent is one which contains less than 0:1 part per 100,000 of 
Albuminoid Ammonia. 


Nitrogen as Nitrates.—An effluent should contain more than ‘5 parts per 100,000 of Nitrogen as 
Nitrates. The Nitrates are produced by the action of the Oxygen of the air in the pores 
of the Land or Intermittent Filters. The amount of Nitrogen oxidised to Nitrates is the 
best index of the efficiency of the action of the Land or Filters. 


Incubator Test.—A good effluent should be so thoroughly oxidised that it does not absorb more 
Oxygen after incubation for one week than it does at the time of collection. 


Shake Test.—A simple test which can be readily applied is to shake vigorously for one minute a 
bottle half filled with effluent. All frothing should disappear in three seconds. 


Opacity Test.—A good effluent is one which is so transparent that Pearl type can be read by a 
person with normal sight through a column 10 inches in depth. 
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ROTHER WATERSHED. 


Chesterfield R.D.C., aes aes 

Effluent - - - May 21 
Chesterfield Boro’ New Filter Effluent - Mar. 26 
Chestertield R.D.C., ees Town 


Effluent - - - May 21 
Chesterfield Boro’ Land Effluent - - Mar. 26 
Chesterfield R.D.C., Heath Effluent - May 21 
Chesterfield R.D.C., Tupton Effluent - May 21 
Newbold & Dunston U.D.C.- -  - Mar. 26 
Bolsover U.D.C. Tank Effluent - - Apr. 8 


TRENT WATERSHED. 
Shardlow R.D.C. pear oued & _ Bauer 


Outfall - Apr. 4 
Swadlincote U.D.C., No. 1 Outfall - Apr. 2 
Burton-on-Trent Boro’ Effluent — - - Mar. 28 


Hart-horne & mers 15 Ore Woodville 


Effluent - - - Apr. 2 
Blackwell R.D.C., South Normanton 
Tipper Filtrate - - - - May 28 


Chesterfield R D.C.,Stonebroom Effluent May 14 


Blackwell R.D.C., Tibshelf Effluent - May 14 
Blackwell R.D.C., South Normanton 
Tank Effluent. - - - - May 28 


Blackwell R.D.C., West Houses Village 
Outfall —- . - May 28 
Repton R.D.C., Castle Gresley, pancu 


Road - pio 
Swadlincote U.D.C., No. 2 Outfall - Apr. 2 
Long Eaton U.D.C., Tank Effluent - Apr. 4 
Repton R.D.C., Castle Gresley Outfall - Apr. 2 
Bakewell R.D.C., Cromford Effluent - May 27 
Chesterfield R.D.C., Morton Effluent - May 14 

MERSEY & IRWELL WATERSHED. 
Hayfield R.D.C., Hayfield Effluent - Apr. 23 
| New Mills U.D.C. Effluent - -  ~- Apr. 23 


Chapel-en-le-Frith R.D.C. , Chapel-en-le- Apr. 23 
rith Effluent 


Glossop Boro’ Effluent - . . - June 3 











Albuminoid 
Method of Treatment. 

Ammonia. 
Septic Tank and Percolating Filters "05 
Septic Tanks and Percolating Filter "05 
Septic Tank and Percolating Filters 05 
Septic Tanks and Land - : - "14 
Septic Tank and Percolating Filters 16 
Septic Tank and Percolating Filters 18 
Land - - he - - - “40 
Septic Tank (Filters not in use) , - 42 


Note.—Efiluents Nos. 1 to 3 





Tanks, Filters and Land - - - 06 
Land - - - - - - 06 
Lime and Land - = - - 08 
Precipitation, Contact Beds and Land 10 
Septic Tank and Percolating Filter 10 
Tanks, Filters and Land - - - “12 
Tanks and Land - - - - 14 
Septic Tanks - - - - - 21 
Tank and Land : - 24 
Cesspool Tank - - - - - 28 
Land - - - - - = - *28 
Precipitation - - - - - 35 
Land - - - - - - - 35 
Tank - - - -l os - 2 5 

Tanks, Filters and Land - - - 75 

Note.—Efiuents Nos. 1 to 5 

Tanks and Land - - - - ‘O01 
Tanks, Filters, and Land - - - “08 
Tanks and Land - - - - 12 
Tanks and Filters (Clinker) - - 14 


Note.—Effluents Nos. 1 and 2 





This table does not include the analyses of crude sewage 
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COUNTY COUNCIL. 


FROM THE TREATMENT OF SEWAGE. 


parts per 100,000. 





INCUBATOR TEST. 


Oxygen absorbed in 3 minutes. 


Before After 7 days 


Incubation. at 80° F. 


A. 





03 
"16 
63 
23 
“16 
03 
‘50 
66 





are satisfactory. 


01 
13 
“30 
16 
03 
‘70 





53 
“73 


“48 
36 
60 


85 


are satisfactory. 


3 
16 
40 


Nitrogen as 
Nitrates. 
The higher 


Opacity. 
Depth 
through 


Putrescibility jthe figure the| which Pear] 





Remarks on appearance of 


Effluent Weather, &c. 














Bicckiicn measured better the | Type can 
as Oxygen effiuent. be read. 
required. 
B, B nunus A. 
03 nil “70 12” 
20 04 “15 10” 
“70 ‘07 2°8 10” 
26 03 trace 5” 
“13 nil 1°25 10” 
10 07 2°5 9” 
56 "06 nil 1}’ 
1°63 “97 nil 1’ 
20 ‘19 1 25 11’ 
10 nil 15 10” 
30 nil trace 4” 
166 006 trace by 
10 07 2-0 8” 
80 10 nil 6” 
26 06 ‘90 43” 
1:4. 87 nil i 
2:7 1:97 nil Q” 
1-63 ‘93 nil 1}’ 
2°63 215 nil 1” 
2°70 2°34 nil 3” 
3-90 3°30 nil a 
19 1-05 nil 5” 
23 nil nil 9” 
2 04 ‘75 10” 
53 13 trace 22" 
“42 ‘36 nil 7s" 


06 


are satisfactory. 











Clear. Nosmell. Fine weather. 

Very clear. Nosmell. Showery weather. 
Clear. Nosmell. Fine weather. 

Clear Slight smell. Showery weather. 
Clear. Nosmell. Fine weather. 

Clear. Nosmell. Fine weather. 
Sewage. Bad smell. Showery weather. 


Foul Pollution. Slight showers. 


Clear. Nosmell. Showery weather. 

Clear. Nosmell. Showery weather. 

Slight smell. Showery weather. 

Sewage smell. Fairly clear. Showery 
weather. 

No Smell. Fine weather. 

Clear. Slight smell. Fine after storms. 

Clear. Nosmell. Fine after storms. 

Smell. Fine weather. 

Suspended matter. Sewage smell. Fine 
weather. 

Sewage. Foul smell. Showery weather. 

Crude sewage. Foul smell. Showery 
weather. 

Opalescent. Nosmell. Showery weather. 

Crude sewage. Foul smell. showery 
weataer. 

Sewage snell. Fine weather. 


Sewage smell. Fine after storms. 


Clear. Nosmell. Fine weather. 
Clear. Nosmell. Fine weather. 
Fungus. Slight smell. Fine weather. 


Clear. Nosmell. Fine weather. 


OO EEE 


where no purification works have yet been constructed. 
SIDNEY BARWISE, M.D., B.Sc., 
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County Medical Officer. 
B2 
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Mr. J. CARTER BELL, A.R.S.M., &c., Analyst for the County of Chester and for the County 
Boroughs of Salford, Birkenhead, Congleton, Stalybridge, and Glossop, 


(The Cliff, Higher Broughton, Manchester, 
July 29th, 1903. 


DEAR SIR, 


I must apologise for nov answering your letter before, but in May I was on the Continent, 
and on my zcturn your letter was mislaid and thus escaped my memory. I give the following 
answer to the questions :— 


No. 1 Question. Yes. 


No. 2. A standard of incubation, and the amount of oxygen required to oxidise the organic 
matter. I think the Mersey and Irwell standard a fairly good standard, but °*1 for albuminoid 
ammonia is rather too severe, and no large sewage works could obtain that standard day after 
day. 


No. 3. Dr. Thresh’s method, described in the Journal of the Chemical Society, 1890, page 85. 


No. 5. I should be strongly against any sewage effluent entering a stream which is used for 
drinking purposes. 


No. 6. I do not think it possible to sterilise sewage effluents without very considerable expense. 


My experience has been that it is easier to treat a given quantity of weak sewage upon a filter 
than a strong solution of sewage. When the dark effluent goes on to the filters with an oxygen 
number of 4:0 grains to the gallon, it will only be reduced to about 50 per cent., but when the 
dark effluent goes on to the filter at 20 grains to the gallon the filtered effluent will be as low as 
0°5 grains of oxygen to the gallon. 


I remain, 
Yours truly, 
J. CARTER BELL. 


i3 


Mr, A. WYNTER BLYTH, M.R.CS., F.C.S., F.LC., ete 


Question 1. A standard fixed by statute and which could not be varied save by an amend- 
ment of the law would be highly objectionable, for the obvious reason, that no immediate advan- 
tage could be taken of any new discovery in either the treatment of effluents or of testing effluents. 


On the other hand, I am in favour of definite standards; such might be conveniently fixed by 
the County Councils as advised by their expert officers, with possibly confirmation by the Local 
Government Board. The local conditions of watersheds vary so considerably that it probably 
is not practical to work a uniform standard for the whole kingdom. 


It is also an acknowledged fact that exceptional weather, such as excessive rainfall, will so 
interfere with systems of purification as to render it practically impossible for brief periods of 
time to conform to any standard; therefore in the fixing of standards provision should be made 
for such temporary conditions, and the standard should only be considered applicable under 
ordinary states of weather. 


Question 2. With regard to the standard to be fixed, I am in favour of the non-putrescibility 
standard of the Mersey and Irwell Joint Committee with modifications. The Committee recom- 
mend the incubation to be carried on for too long a period, viz., about a week. I would suggest 
that the incubation be shortened to not more than three days, 


I also consider that regard should be taken to the influence of an effluent upon the oxygen 
of the stream, and the best method to ascertain this 1s to estimate the oxygen dissolved in the 
water of the stream above the effluent and at various points below the effluent. Simple methods 
of this “ differentiai method of estimating oxygen in water” are described at pages 533-535 in 
the writer’s book on “ Foods ” (last edition, 1903). Such determinations should in part be made 
at or on the stream itself, thus avoiding change in transit. 


3a. The writer is not at the present moment prepared to suggest a standard of absorption for 
dissolved oxygen. Such a standard might be fixed, but it would require considerable practical 
study of a number of effluents and their effect on streams. 


(B) Effluents which may pass into a drinking water stream.—In this case the standard must be a 
biological one, and such standards must not only be applied to streams used for drinking, but 
also to streams which are not necessarily drunk, but at the mouth of which shellfish of any kind 
are likely to be collected for food. 


A, Wynter BLYTH. 
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Professor FRANK CLOWES, D.Sce., F.1.C., Cuozmist To tozE Lonpon Cotnty CounciL. 


Dear Sir, 


Chemical and Gas Department, 
40, Craven Street, W.C., 
June 9th, 1903. 


Referring to your circular letter respecting standards for sewage effluents, dated May, 
1903, the only points upon which I can offer any opinion are the following :— 


Question. 


1, Are you in favour of fix, 1 standards of 
purity 2 


4, Ifyou are opposed to any definite standard 
would you kindly state your reasons ? 


g 


Answer. 
No. 


I am in favour of the adoption of the 
Commissioners’ recommendation published on 
p. xxiv. of their third report. If adopted, I 
think that the central authority would be more 
effective without a standard of purity having 
been fixed. 


In the event, however, of the Royal Commission deciding to recommend that a standard of 
purity be fixed, I submit the following answers for their consideration :— 


Question 


2. Assuming that you are in favour of 
standards, upon what principles do you con- 
sider they should be based ? 


5. Assuming that you are in favour of 
standards, do you consider that a higher 
standard should be required in regard to 
effluents entering a stream from which drinking 
water is obtained, and if so, what standard 
would you propose for those cases ? 


6. If you have grounds for thinking that it 
is possible to sterilise sewage effluents the 
Commission would be glad if you would state 
them. 


Answer. 


Upon class (b): ‘A standard of non-putresci- 
bility, having regard also to the rate at which: 
oxygen 1s taken up from water.” 


A higher standard should be required for 
effluents entering a drinking-water stream 
than for those entering a non-drinking-water’ 
stream 


Owing to the uncertainty of complete: 
sterilisation being effected, the process is of. 
doubtful value. 


Yours faithfully, 


¥ J, Willis, Esq., 
Secretary, 


The Royal Commission on Sewage Disposal, 


39, Victoria Street, 8.Ws 


FRANK CLOWES, 
Chemist. 


Mr, PERCY COWARD, Chemist to the Huddersfield Corporation, 


Sewage Disposal Works, 
Deighton, Huddersfield, 
June 9th, 1903s 


Sir, 


I beg to acknowledge the receipt of yours requesting my views with rezsrd to fixed standa. s 
for sewage effluents. 


I have considered this question from one aspect only, viz., that in which th> effluent pas:es 
into a non-drinking water stream. 


I am decidedly opposed to any definite chemical standard being adopted, and consider that 
each case and district should be dealt with separately. 


The stream into which an effluent is turned must be first considered. If an effluent which 
abstracts free oxygen from water is turned into a rapid-flowing stream which is constantly passing 
over weirs and places where the water is broken up and brought into intimate contact with the 
air, I do not consider that the fact of the effluent absorbing dissolved oxygen should alone 
condemn it. However, in case of effluents being turned into such waterways as the Manchester 
Ship Canal, a deep and slow-flowing body of water, the fact of them absorbing dissolved oxygen 
(above a certain rate), would be of great importance. Also, effluents vary very much in their 
character. An effluent resulting from the purification of a weak domestic sewage cannot with 
any reliance be judged by standards used for effluents from the purification of sewage containing 
trade waste. The amount of oxygen absorbed from permanganate may be small in the former 
case, and yet the effluent may be of a putrescible character, whilst in the latter case the oxygen 
absorption may be high and the effluent of a non-putrescible and harmless character. Therefore, 
an effluent cannot be either accepted or rejected by the oxygen absorption test alone. 


The ratio of oxidised to unoxidised nitrogen in an effluent is no indication of the amount o/ 
nitrogenous matter which has been eliminated from the sewage, as in certain methods of treat 
ment a large amount of nitrogen is liberated in a free state. A continuous filter will produce a 
far greater quantity of nitrates than contact beds, although the percentage of nitrogen removed 
be the same. . . 


Owing to the composition and nature of sewages in different towns and villages varying to such 
a great extent, and also to the different methods adopted for their purification, I do not consider 
it possible, without injustice, to adopt certain chemical standards to be universally applied. At 
the same time, I am of opinion that an effluent which does not develope any objectionable smell 
after being kept in a bottle completely filled and in an incubator at 80° Fahr., for seven days, 
is sufficiently pure to turn into a rapid-flowing stream, provided the effluent contains ordinary 


micro-organisms in an active state. i 


Chemical analyses and tests, whilst being of extreme use and almost a necessity to those 
engaged upon the purification of sewage at a works, are of much less value for the comparison 
of sewage and effluents from various towns, &c. 


I am, 
Yours faithfully, 


Percy CowaRrD- 


F. J. Willis, Esq., 
Secretary, 
Roya} Commisson on Sewage Disposal. 
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Mr. W. J. DIBDIN, F.I1.C., F.C.8., AnatyticaL AND ConsuLtiIna CHEMIST. 


2, Edinburgh Mansions, Howick Place, 
Victoria Street, Westminster, 


May 21st, 1903 


STANDARDS FOR SEwaGEe EFFLUENTS. 
DEAR SIr, 


In reply to your inquiries, I beg to submit the following observations, viz. :— 


1. I do not think that a hard-and-fast line should be drawn, but that there should be a margin 
allowed to meet exceptional occasions. 


2. I consider the Mersey and Irwell Joint Committee standard as very reasonable under ordinary 
circumstances, but the addition to this of a method of determining the capability of the effluent. 
to retain at least 50 per cent. of its dissolved oxygen after thorough artificial aeration, for at. 
least 24 hours, will provide a further safeguard (see my Report on the condition of the River 
Thames already given in my evidence), as indicating the capability of the river water to support 
fish life and healthy plant growth. 


3. Usuggest that the only reliable method is to employ the gasometric process in the laboratory. 
The error involved in the changes taking place in the interval between the collection of the 
sample and its examination would be less than that due to any of the volumetric processes, which 
give very variable results when employed on impure waters. 


The process employed by me for this purpose has been already described in my evidence. 
When a survey of a river is being made, the process of Dr. Thresh is a useful indicator of the 
varying condition of the stream. 


3a. See answer to 2, viz. :—A good effluent should retain at least 50 per cent. of the dissolved 
oxygen after complete artificial aeration. 


4 and 5. I consider that the highest possible quality of effluent should be required when the 
discharge takes place into a stream which is used at a lower point for drinking purposes, and for 
this reason I think that a standard is not advisable, as it might serve as an excuse for discharging 
an effluent inferior to that which might reasonably be expected and obtained. 


6. I look upon the absolute sterilisation of sewage effluents as unattainable in practice, 
however desirable in theory. 


The remarkably variable nature of sewage renders observations such as that referred to in 
the concluding portion of your letter very difficult to answer. In the case of precipitation it is, 
as I pointed out in 1887, advisable to keep the sewage as strong as possible, but in bacterial treat- 
ment I consider that the more dilute the sewage the greater will be the quantity of dissolved 
oxygen brought into contact with it, and the greater scope afforded for the action of the aerobic: 
bacteria. If the sewage could be sufficiently diluted the whole of the work could be effected 
without putrefactive changes taking place. 


I am, dear Sir, 


Yours faithfully, 


W. J Disp, 
F, J. Willis, Esq., 


Secretary, 


Royai Commission on Sewage Disposal. 
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Mr. GILEERT J. FOWLER, MSc., F.1.C., SuperiIntENDENT AND CHEMIST, . MANCHESTER 
CoRPORATION SEWAGE WORKS. 
OBSERVATIONS re STANDARDS FOR SEWAGE EFFLUENTS. 
(A) Hffluents which will pass into a non-drinking-water stream. 
(1) Are you in favour of fixed standards of purity ? 


Yes, with the understanding that they are interpreted in a reasonable manner, 
and used more with the object of creating a spirit of emulation among authorities 
than of forcing all into rigid compliance irrespective of local conditions. 


(2) Assuming you are in favour of standards, upon what principles do you consider they 
should be based ? 


Class (a) is not a satisfactory standard, as non-putrescibility upon incubation may merely 
mean that the effluent is temporarily sterilised, e.g., by the excess of lime, the 
effect of the sterilismg agent disappearing on dilution with river water. 


(b) This is the most reasonable and satisfactory standard in every way. 


(c) The provisional standard of the Mersey and Irwell Joint Committee is only useful 
in the case of works where purely domestic sewage of an average strength is 
treated. With sewage containing manufacturing waste or with very strong 
domestic sewage such standards may be very misleading. 


(d) This standard would be interfered with by certain nitrogenous trade effluents. For 
purely domestic sewage it would be useful, but involves more analytical work 
than (b), and would serve chiefly as an amplification of this. 

As regards the possibility of an effluent encouraging plant growth in a stream, 
this will depend largely, no doubt, on the quantity of nitrates present in an 
effluent. If a highly-nitrated effluent passes into an already polluted stream, 
e.g., the Manchester Ship Canal, the nitrates are of value in oxidising some of 
the impurities present. If the stream is in good condition and weeds and water 
plants are growing in it, it will probably be best for the stream and more economical 
if the nitrates are used for agricultural purposes, or for purifying a further 
quantity of less highly-oxidised effluent before being admitted to the stream. 


Method of applying dissolved oxygen test. 


(5) The test, may be carried out by mixing one volume of the effluent to be analysed with nine 
volumes of tap- water which has been well shaken with air. After standing about a quarter of an hour 
to allow any air bubbles to escape, the dissolved oxygen can be determined in the mixture by 
Winkler’s method* (see note at end), as modified by Rideal. A bottle containing enough of the 
mixture for a further determination, e.g., 600 cc., is then placed in the incubator and allowed 
to remain for two days at 80° Fahr., and the dissolved oxygen is again determined after the bottle 
has been allowed to cool to room temperature. To allow for the expansion of the liquid during 
incubation, the bottle is provided with an indiarubber stopper through which passes a short 
piece of glasstubing. To this is attached about 4 inches of narrow indiarubber tubing, which is 
finally closed by a glass plug. In this way a certain amount of expansion of the liquid can take 
place without loss. 

In important cases a control determination should be made with tap water alone, in order to 
allow for any loss of dissolved oxygen on incubation. 


Standard of absorption of dissolved oxygen. 


(3a) From a numbey of results which have accumulated, I should be inclined to pass an 
effluent which, on incubation with nine times its volume of aerated tap-water at 80° Fahr. for 
48 hours, absorbed not more than 30 per cent. of the total quantity of dissolved oxygen present 
in the mixture before incubation. 


Standard for effluents entering drinking-water stream. 


In the first place I consider that no water should be taken for drinking purposes from a strean 
which has received sewage or sewage effluents of any kind, without an adequate system of water- 
works, filters, or some other means (e.g., sterilisation by ozone) of safeguarding the water supply. 
In addition to the chemical standard of purity in the effluent as above-mentioned, I consider that. 
a limit of bacterial purity should then be introduced. 

Exactly what this should be is a matter for bacteriologists to settle. I would suggest as a 
limit such number of “ b. coli”’ per cc., as having regard to dilution by river water in dry weather 
could with proper care be removed at the waterworks. 

If possible, however, the water supply should be drawn from some entirely unpolluted source. 

I do not think it possible in the majority of cases to effectively sterilise sewage effluents. 


GILBERT J. FowLER, 
Superintendent und Chemist, 
Manchester Corporation Sewage Works. 
Dated June 19th, 1903. 


* Notse.—This method has been found to be rather quicker than the Thresh method and less liable 
to be interfered with by certain trade effluents. The Thresh method gives very trustworthy results in 
the majority of cases, and both the Thresh and Winkler methods require less complicated apparatus 
and simpler chemicals than methods involving the use of indigo and hyposulphite. Have not had 
much experience of the Ramsay method, but doubt whether it is of sufficient accuracy for standard 
work. The cuprous chloride is also rather difficult to prepare and to dissolve. 
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Mr. J. GARFIELD, Assoc.M.Inst.C.E., Engineer of the Bradford Sewage Works, 
Repiizs TO Questions oN “STANDARDS FOR SEwAGE EFFLUENTS.” 


(A) Effluents which will pass into a non-drinking-water stream 
1. No, ; 


2. (a) The incubation test alone does not appear to show whether the effluent is liable to 
putrescence when discharged into a stream. we eiseiree’ faa} 


(b) This basis is more reliable, but in the present state of our knowledge cannot be taken 
as definite. . 


(c) I know of no means by which the specific organic substances in effluents can be deter- 
mined with any degree of accuracy. The amount of oxygen absorbed from per- 
manganate in four hours appears to vary very much with different kinds of organic 
matter. The albuminoid nitrogen figure is not the expression of an absolute fact. 
The amount of nitrogen present as nitrates does not appear to give reliable evidence 
as to the extent to which purification has progressed. 


(d) The ratios are no guide to the fermentable condition of the effluent. It is possible to 
remove regularly and continuously 90 to 95 per cent. of the albuminoid nitrogen from 
ewage and produce an efiluent containing no oxidized nitrogen. 

The fact that the residual organic matter in an effluent is more or less easily fer- 
mentable according to the origin of the effluent, is yet another objection to an absolute 
standard. 

The effect of an effluent upon the bed of a stream appears to give a good indication 
of the polluting effect of the effluent, but in the present state of our knowledge, it is 
not possible to base any standard upon it. 


3. The data available at the present time, as to the rate at which an effluent takes up oxygen 
from the surrounding water, are not sufficient whereon to base a standard. 


3a. See 3. 


4. A “definite standard” cannot be of value in the present state of our knowledge. The 
oxidisable matter in sewage is very complex. We have no data to decide upon the quality as 
well as the quantity of organic matter. The effect of any particular effluent upon a large swiftly- 
running stream is not the same as upon a small sluggish stream. The circumstances of the case, 
with special reference to the means available for purification and the matter to be purified, should 
be taken into consideration. One Sanitary Authority is able to produce with ease an effluent 
which another Authority could not attain except at enormous expense. 


(B) Effluents which may pass into a drinking-water stream. 


5. The difficulty of preventing untreated sewage passing into streams in times of heavy rain 
appears to preclude the use of the water of such a stream for drinking purposes. Could this be 


got over, it may not be impossible in the future to purify sewage so as to free it from pathogenic 
germs. 


With regard to the purification of equal quantities of organic matter contained in large and 
small volumes of sewage, on a given area of filter. It would appear from observations I have 
made that in one case (a small sewage disposal works) the pollution of a stream was less in summer, 
when the volume of sewage was small, than in the winter, when the volume was larger. I must 
add that, in this case, the area of the filter was not sufficiently large to deal with the winter flow, 
part passing untreated into the stream, whereas the summer flow was all filtered. 


On the other hand, cases occur where it is of advantage to dilute the sewage before filtration 
to obtain the best results. 


I must add that these observations were made in a cursory manner, no strict investigations 
being carried out. 


J. GARFIELD. 


City of Bradford Sewage Department, 
July 27th, 1903. - 
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Mr. CHARLES FE, GROVES, F-.R.8,, Caemist ‘to tor TaamMes CoNSERVANCY, °° 
Sir, 


In reply to your ietter asking me to state my views as to ‘ Standards for Sewage Effluents,”’ 
I may perhaps be allowed to offer the following comments on the circular letter dated May, 1903: 


(A) Effluents which will pass into a non-drinking-water stream. 


1. I am not in favour of “fied standards of purity” for effluents which pass into ‘ non- 
drinking-water ’’ streams, but hold that each case should be considered separately :— 


(a) Special regard should be paid to the relation between the volume of the effluent, and that 
of the stream ; that is, the volume of effluent discharged in a given time, and the 
volume of the stream passing the point of discharge in the same time, or in other 
words, the amount of dilution which the effluent undergoes. 


(b) The amount of aeration and the rapidity of flow of the stream receiving the effluent are 
factors of importance, as these will affect the rate of oxidation of the polluting nitro- 
genous organic matter, 


2. In deciding on the standard to be employed for any individual sewage effluent, I am 
of opinion :— 

(a) That the method of “ ultimate analysis,” that is, the determination of the exact amount 
of carbon and nitrogen, in the residue left on evaporation (however valuable it may 
be for potable waters), is, for sewage effluents, comparatively worthless, as seems to be 
indicated in the paragraph beginning, “ The Commission feel it is important.” 


(b) The various “permanganate methods” are also likely to give fallacious indications, 
notably in effluents from sewage farms which are working well and contain consider- 
able quantities of nitrites. The latter by the permanganate method would be reckoned 
as putrescible organic matter. 


b) 


(c) The “albuminoid ammonia” method, if carefully and methodically carried out, gives 
the best indication of the amount of easily putrescible nitrogenous organic matter in 
a sewage effluent, as not only have nitrites nc influence on the result, but it also 
differentiates to a great extent between the easily oxidisable, and the “less ferment- 
able” “residual organic matter.” 


3a. The “standard of absorption of dissolved oxygen” should not be less than 50 per 
cent. of saturation in the stream in the immediate neighbourhood of the effluent discharge. If 
much below this, the fish in the stream are likely to be affected. 

This is important where certain kinds of trade refuse, ‘‘ malt water,” for instance, are mixed 
with the sewage effluent (or are allowed to flow directly into the stream). 


Note.—I do not know whether the growth, in such streams, of senormous: quantities of 
Vortecelle in such cases, and its possible connection with deficiency of oxygen, has been considered 
by the Commission. 


(B) Effluents which may pass into a drinking-water stream. 


5. I am certainly of opinion that a far higher standard of purity should be exacted for 
effluents which pass into streams used as sources of drinking water, than in those of Class (A). 

Here, again, I think the “ standard” adopted for any given effluent (as in A) must depend 
in a great measure on the comparative volumes of the sewage effluent and of the stream, but 
even where the volume of the stream is very large compared with that of the effluent, the 
‘* albuminoid ammonia ”’ in the effluent should never exceed 2°0 parts per million. 

I may say that in the effluents from well-managed sewage farms on the Thames and its tribu- 
taries, above the water companies’ intakes, the albuminoid ammonia is nominally 1-0 per million, 
or less. . 


6. I think it most undesirable to sterilise sewage effluents, even if it were possible to do so, 
as the purification, that is, the destruction of the nitrogenous organic matter of sewage, is effected 
entirely by biological action, and not by direct oxidation. The attempts made by the late Dr. 
Kanthack in this direction by treating the Maidenhead sewage with “‘ electrozone ” are an illus- 
tration of this. Of the samples of treated effluent which I examined, there were none which 
were completely sterilised, and the “cut” into which the “sterilised effluent flowed became 
- very foul, there being “‘ very extensive fungoid growths along its whole course.” 

In conclusion, I may say that I am very strongly of opinion that no sewage effluent, however 
it may be treated, whether chemically, biologically, or by a combination of the two methods, 
should be discharged directly into a stream which is to be used as a source of drinking water, 
but should always be passed over land before being allowed to flow into that stream. We have 
no conclusive evidence that chemical. or.biological..treatment, singly or combined, will destroy 
pathogenic bacteria in a sewage effluent, and it seems most desirable that the safeguard afforded 
_ by land treatment should, in all such cases, be adopted, 


CuarLes E. Groves, ¥.R.S., 
Chemist to the Thames Conservancy. 


Kennington Green, ¥.E., 
July 22nd, 1903, = 
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Mr. F. HALLIWELL, F.J.C., Cuter Inspector To THE Risse Joint ComMIrTEs. 


16, Walton’s Parade, 
Preston. 


May 30th, 1903. 


To the Chairman and Members of the Royal Commission on Sewage Disposal. 
My Lorp aND GENTLEMEN, 


STANDARDS FOR SEWAGE EFFLUENTS. 


I am not in favour of fixed standards. 


My objections are as follow :— 
ee 
(1) The standard ought to be determined upon the minimum amount of matter possible to 
cause pollution under the severest circumstances, and I hold that such a standard would be 
necessarily so strict that many effluents attaining the limit would be condemned, although such 
effluents might not be the cause of pollution. 


I am assuming that a standard for effluents would be of such a value that a stream containing 
an effluent exceeding that limit would, under some circumstances, be either injurious to health, 
harmful to cattle or fish life, or objectionable for manufacturing purposes ; and I am of opinion 
that before condemning an effluent one ought, in order to prove pollution, to take other circum- 
stances, such as volume of effluent, volume and flow of river both in the immediate vicinity, and 
at some distance, usages of the river, into considera‘ion. 


(2) The chemical and bacteriological effects, dependent upon the volume and nature of trade 
refuse, amount of fecal and urinous matter, nature and volume of storm water, and street drainage 
in the crude sewage, are not known with sufficient precision to enable a standard to be fixed. 


(3) Ifa standard were fixed and legalised, it would be extremely difficult to have such standards 
altered at any time, and sanitary science would be severely handicapped and limited. 


(4) The standard cannot be determined upon any single constituent, and so many factors are 
nacessary that it would be unworkable. 


At the same time, I am of opinion that a working standard is advisable, so as to enable one w 
frm a rough guide. Such a standard, though valuable, has not the force of law, and enables 
one to take other things into consideration before condemning a liquid. 


Assuming that standards were fixed, I am of opinion that :— 


(a) Is impossible ; in that the effluent itself may be in a putrescent stage, or would give 
rise to putrescence in liquids not themselves putrescent ; 


(b) Not sufficiently definite, as the amount of water from which the oxygen is obtainable is 
too variable and indefinite ; 


(c) Very useful as a provisional one, but other points have to be considered ; 


{d) The ratio of oxidised nitrogen, unoxidised nitrogen, albuminoid nitrogen is on right lines, 
but factors (a), (b), and (c) ought to be taken into consideration at the same time. 


I am, my Lord and Gentlemen, 
Yours faithfully, | 
EDWARD HALLIWELL, 
. Chief Inspector. 
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Mr. W. H. HARRISON, B.Sc., Cuemist To THz LEEDS CoRPORATION. 


Knostrop Sewage Works, 
Leeds, 
May 27th, 1903. 


Dear Sir, 


With reference to the request to state my views upon the subject of standards for sewage 
effluents, I beg to hand in the following statement :-— 


(A.) Effluents which pass into a Non-drinking-water Stream. 


Question 1. I am not in favour of fixed standards of purity based upon limiting numerical 
values such as the present Mersey and Irwell standard, for the reason that different bacteriological 
processes produce effluents containing varying amounts of organic impurity as determined by 
the usual tests, the quantity of which is no safe criterion of the power the effluent has of resisting 
putrefactive changes, e.g., the highest value I have obtained for the “‘ oxygen absorbed in four 
hours ” test in a non-putrescent effluent derived from double contact beds treating crude sewage 
is 1°62 parts per 100,000. Above that figure the effluents have invariably been putrescent; on 
the other hand, the effluents from a continuous filter treating crude sewage, and containing all its 
suspended matter, has been non-putrescent when its oxygen absorbed value has been as high as 
2°30. 


Again, an effluent which is non-putrescent in summer would probably in winter be found to be 
putrescent, although the values in both cases derived from tests are practically the same. Also, 
an effluent which-at one time is non-putrescent with a given oxygen absorbed figure is sometimes 
found to be putrescent when giving a much lower value. 


Question 2. What I consider to be a safe standard by which to judge effluents is a combination 
of the putrescibility upon incubation, and a determination of the rate at which dissolved oxygen 
is taken up. My reason for fixing upon this combination is that the comparison of the figures 
for the 3 mins. oxygen absorption before and aiter incubation is unreliable, even when urea is used 
to decompose nitrites, many effluents giving higher values after incubation than before, although 
remaining periectly sweet. In all cases, however, where the effluent has been really putrescent 
there has been a great rate of absorption of dissolved oxygen, but when tie effluent has remained 
perfectly sweet, although the oxygen absorbed values have increased on incubation, the rate of 
absorption of dissolved oxygen has been normal. 


Some method of measuring the putrescibility of an effluent on incubation, other than by oe 
absorbed in 3 mins., is desirable. This might be done by a determination of sulphides, etc., 
the incubated liquid. 

Question 3. Any method of determining the “ oxygen in solution” with an accuracy of °5 ce. 
per litre can be utilised for testing effluents. The method used on these works, and which I con- 
sider to be the simplest and quickest, is that designed by Prof. Sir William Ramsay. 


The effluent to be tested is shaken in a large bottle until saturated. The amount of dissolved 
oxygen is measured, and a well-stoppered bottle, holding about 150 cc., is completely filled with 
the aérated liquid and tightly stoppered_ and allowed to stand at the laboratory temperature for 
24 hours. At the end of this period the dissolved oxygen is again determined, the difference being 
the amount absorbed. 


I find it to be quite unnecessary to dilute the efiluent with tap water, as a good effluent will 
not absorb more than 3 cc. of dissolved oxygen per litre. 


In cases where results are wanted at once I find that determination of the “ oxygen in solution ”’ 


in the well-shaken effluent, and also in the effluent as it comes from the final filter or tank, <s the 
case may be, may be taken instead of the above: the difference between these vaiues being 
comparable to that obtained in the 24 hours’ test :— 
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Question 3a. The standard I suggest is, that an effluent on standing when saturated with air Mr. W. H. 
in a filled and tightly-stoppered bottle for 24 hours at the laboratory temperature, should not slacscr 
have more than 50 per cent. of its oxygen in solution taken up. In case of doubt the incubator 
test should also be considered. My reasons for this standard will be found in the above table. 


Question 4. See Question 1. 


(B.) Effluents. which pass into a Drinking Water Stream. 


Question 5. In this case I consider that, in addition to the effluent fulfilling the conditions laid 
down above, a limiting value should be placed upon albuminoid ammonia value, which should not 
exceed ‘08 parts NH, per 100,000. 


The free ammonia should also be low, say not more than ‘4 parts per 100,000 NH,, as this value 
is probably the best test as to the efficiency of the process. 


_ Question 6. In addition to the foregoing standard it should be made compulsory for the effluent 
from the bacterial processes to pass through plots of land or shallow clinker-dust. beds, worked 
intermittently, z.e., running continuously for, say, 2-4 weeks and resting 12-24 weeks, 


. The method of passing a filter effluent through a layer, 6 in. in depth, of very fine clinker, has 

when working satisfactorily, been found to decrease the number of bacteria per cc. very con- 
siderably. With an effluent such as comes from a Whittaker Bed, and containing about 10 
parts of suspended matter per 100,000, we have found it possible to work such plots continuously 
for over a month when filtering at the rate of 2,000,000 gallons.per acre, 


I have no observations to offer which bear upon your last request, 


I am, 
Yours faithfully, 
* W. H. Harrison, 


F. J. Willis, Esq. 
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Mr. JOHN HAWORTH, F-.1.C., Chemist to the Sheffield Corporation. 


August 3rd, 1903. 


ANSWERS TO QUESTIONS ON STANDARD FOR SEWAGE EFFLUENTS. 


Question 1. Yes, if it bo provided that cases where exceptional difficulties in treatment arise, 
on account of admixtures of trade wastes, etc., receive special consideration, or that the Rivers 
Board, or authority enforcing the standard, will in such exceptional cases show the possibility 
of attaining the standard set up at a reasonable cost. 


Standard methods of applying the necessary tests should also be laid down. 


Question 2. An absolute standard such as that of the Mersey and Irwell Joint Committee and 
including non-putrescibility and a low rate of absorption of dissolved oxygen from aérated water, 
would be reasonable and satisfactory. 


Experience shows that effluents, conforming to the Mersey and Irwell standards for oxygen 
absorption in four hours and albuminoid ammonia, usually have a low rate of absorption of dissolved 
oxygen from aérated water, and are non-putrescible and capable of supporting the life of fish. 


- Question 3. After experience with two other methods of determining dissolved oxygen in water 
and sewage effluents, I find that Winkler’s method, as modified by Dr. Rideal, is fairly accurate, 
simple, and the results are obtained most readily. 


Question 3a. I should prefer to give an answer to this question at a later date, when I hope 
to have more data available. 


Question 5. A higher standard for effluents entering a stream from which drinking water 
is obtained should certainly be required. Such effluents should be practically sterile and be 
submitted to severe bacteriological tests. 


I am not aware of any sewage effluent at present which could, with absolute safety, be admitted 
to a stream from which drinking water is obtained, unless most efficient filtration is resorted to 
subsequently. 


JOHN HAWORTH. 
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Mi. E. A. LETTS, D.Sc., Pa.D., ere., etvc., PROFESSOR OF CHEMISTRY AT QUEEN’S COLLEGE, 
BELFAST. 


In forwarding the following reply, Dr. Letts said, “I cannot help feeling that before 
standards of the kind I advocate are adopted, further researches are necessary.” 


STANDARDS FOR SEWAGE EFFLUENTS. 
With regard to :— 


(A) Effluents which pass into a non-drinking-water stream. 


In my opiniouw a fixed standard of impurity based upon either the absolute proportions of organic 
carbon and organic nitrogen, or upon these of the albuminoid ammonia and oxygen absorbed 
from permanganate, by the given effluent, are not to be recommended, because such a standard 
not only ignores the differences in dilution and consequent oxidation of different effluents which is 
the important point, but also the differences in character and putrescibility of different effluents. 
It seems to me that any rational standard of impurity must take into account local conditions, and 
should be based not only on the nature of the particular effluent, but also upon the volume and 
nature of the water into which it is discharged. For it may be assumed, I think, that fouling 
only occurs in an effluent or in an effluent diluted with water, when the dissolved oxygen and the 
nitrates (supposing these latter to be present originally) have disappeared,* and consequently 
there is always a certain ratio which may be called the “limit of safety” between the volume 
of sewage effluent which should be permitted to flow into a watercourse, and the volume of water, 
with which it is there mixed. 

Take, for instance, the case of two inland towns of the same size, one situated on a large and the 
other on a small river. 

The thing to be avoided is the fouling of these rivers, and it seems to me to be absurd to compel 
the town situated on the big river to purify its sewage as highly as the one on the small river. It 
would, I think, be almost as reasonable to compel all towns situated on the sea coast to purify 
their sewage to the same extent. 

Again, suppose that “‘ non-putrescibility ” of the effluent is taken as a standard; the idea is 
excellent in the case of a large manufacturing district with a stream which is more or less a sewer, 
but why force this standard upon the town situated on the big river? Nature has given that town 
an asset of great pecuniary value in the shape of its river, which is capable of doing most, if not 
all, of the work in the purification of its sewage. Why should its ratepayers not enjoy that advan- 
tage ? 

If, then, it be granted that a standard should be fixed, which is based on the one hand on the 
amount of impurity to be removed or oxidized, and on the other on the available oxygen in the 
water course to effect this removal, the question arises as to whether there are any simple and 
reliable analytical processes for determining the oxygen-absorbing power of a given sewage or 
effluent, and also the “ available oxygen ”’ present in the water into which it is to be discharged ; 
that is to say, the dissolved oxygen of the latter plus the oxygen of the nitrates, should there be 
any. As regards the first point, I am aware that most chemists would regard the indications of 
the permanganate test as sufficient, but certain results which I have obtained are opposed to 
that view.t Thus in a series of experiments with mixtures of 1 per cent. sewage in sea water, 
the “ oxygen absorbed ” test (four hours at 80° Fahr.) gave with the original mixture 0°144 parts 
of oxygen required per 100,000, whereas the direct determination by gasometric methods showed 
that 0°46 part had actually been absorbed in 48 hours, or more than three tumes as much. Also on 
contrasting the differences between the two tests, after corresponding intervals, great discrepancies 
were found, thus : 


Dissolved Oxygen Differences 
actually disappearing between the 
after. * oxygen absorbed ” 
originally and 
aiter. 
BE Des iecsn eas sina ee 9 ORIOL: ais airteen Said elas ol 0018 
eens OH SL Se ee ee CAO a PHI D Bes OES, 0°03 

aes UO Pe te By OPECODT OM IIE. POSEN 0:063 


The two columns should, of course, correspond if the oxygen of the permanganate acted in the 
same way as the dissolved oxygen of the mixture. I therefore think that the indications of the 
permanganate test are useless for the object in question. 

With reference to the second point, the determination of the dissolved oxygen and the “ nitric 
oxygen” (if one may be permitted to use the expression), either in a sewage or water sample, 
present no special difficulties. 

For the first, I have found that my own method, based to some extent on Mohr’s original 
volumetric process, is both accurate and expeditious, the whole process requiring less than half 
an hour. But probably any of the other volumetric methods would be found sufficiently accurate. 

For nitrates, there can be no question that the determination by means of the zinc copper couple 
is the most accurate and reliable. But on the whole I am inclined to adopt my friend Adeney’s 





* Some recent experiments of my own have shown that septic tank effluent will completely decompose nitrates 
corresponding with as much as 2°5 parts per 100,000 of nitric nitrogen in less than 24 hours. 

7 ‘On the Nature and Speed of the Chemical Changes occurring in Mixtures of Sewage and Sea Water.” Pro- 
veedings Roy. Soc. Dublin [1900], Vol. IX. (N.S.), Part TIT., No. 24. 

t “ Ona Simple and Accurate Method for Estimating the Dissolved Oxygen in Fresh Water, Sea Water, Sewage 
Effluents, ete.” Preceedings Roy. Soc. Dublin [1901], Vol. IX. (N.S.), Part TV., No. 33. 
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views. and in the main his methods also, That is to say, to mix a certain proportion of a particular 
effluent with the water into which it is to be discharged, then to keep the mixture out of contact 
with air, and at the end of a specified time to see how much free oxygen still remains. 


Three factors are evidently of prime importance in such a method of investigation, viz. :— 
1. The extent of the dilution. 
2. The time interval after making the mixture. 
3. The temperature. 


As regards the extent of the dilution, it ought obviously to depend upon the existing conditions 
at the outfall. Thus if the flow of the stream corresponded with a volume equal to 100 times 
that of the sewage effluent, a one per cent. mixture should be made, or if it only corresponded with 
50 times, a two per cent. mixture,and so on, The time andtemperature may be considered together, 
and here I cannot speak with certainty, but as a suitable temperature enormously “ hurries up ”” 
most bacterial actions, 1 should think that a 24 hours’ interval would suffice for all practical 
purposes, if the mixture were placed in an incubator at from 21° Cent.—35° Cent. 

[‘The mixture of effluent and water is conveniently made in a half Winchester quart bottle. The 
proper volume of effluent being first run on, the water sample should be added by means of a 
syphon reaching nearly to the bottom of the bottle, in order as far as possible to avoid aération of 
the mixture. The bottle, when quite full, is stoppered, without enclosing air bubbles, inverted, 
and placed on the incubator in a shallow vessel containing water so that the stopper is covered. 
Adeney determines the dissolved oxygen remaining at the end of the experiment by gasometric 
raethods, as well as the carbonic anhydride produced, but for the particular purpose now under 
discussion, one of the volumetric processes would be found more expeditious and quite accurate 
enough. | : 

It only remains to discuss the “limit of safety,” and here I must confess that 1 have no ex- 
perience of a practical kind to guide me, and the subject is beset with difficulties. 

Thus in the case of a highly-polluted stream, to start with, the amount of dissolved oxygen 
may be, I imagine, so small that the nitrate of the effluent may have to do most of the work, and 
therefore a highly oxidized effluent must be insisted on. 

I am chiefly hampered in making an estimate by the want of sufficient and reliable data as regards 
the amount of dissolved oxygen present in different streams, so few observers having apparently 
paid any attention to this most important matter. I can therefore only make a suggestion of a 
tentative kind as regards the limit of safety, viz., that it ought to correspond with a residuum of 
dissolved oxygen of at least 25 per cent. of that contained in fully aérated water—which latter 
for practical purposes may be taken as 17 cc. (at N.T.P.) per litre, or 10 millegrams. 

The standard of purity I would suggest would therefore be somewhat as follows :— 


A sewage effluent may be discharged into a non-drinking-water stream, provided that a 
sample when mixed with the water of that stream in the proportion corresponding with the 
average discharge of the former and the average flow of the latter, and kept in a stoppered 
bottle completely full of the mixture for 24 hours at a temperature of 80° Fahr., shall give 
a mixture containing at the end of that time not less than 2°5 milligrammes of dissolved 
oxygen per litre. 


I wish to add that before fixing a standard of the above kind, further investigations appear to be 
necessary : (1) On the most suitable time and temperature for the incubation, and (2) on the amount 
of dissolved oxygen and nitrates in various streams and rivers. 


(B) Effluents which may pass into a drinking-water stream. 


I certainly consider that a higher standard should be required in regard to effluents entering a 
stream from which drinking-water is obtained, than of those entering a stream which is not used 
for that purpose, but I see many difficulties in approaching the question, which, after all, is more 
of a bacteriological than a chemical nature, as there is no perfectly clear evidence (to the best of my 
belief) that the sewage matters in an effluent are per se injurious to health, while on the other hand 
there is evidence to show that the presence of specific pathogenic organisms in an otherwise 
pure drinking-water may induce disease. : 

I am opposed to the use of water for drinking purposes which is known to have received sewage 
effluent, as a broad principle. Should, however, the employment of such water be practically a 
necessity—as with the Thames—very stringent precautions should be taken to ensure the maximum 
of purification of any sewage effluent which may flow into it. 

It is questionable whether this maximum can be reached except by finally submitting sewage 
effluents to a careful system of irrigation with under-drainage, that is to say, to a real filtration. 
Or, as the alternative to filtration, to an actual sterilization by heat. As regards this latter, I do 
not think that the cost would be prohibitive, or that the practical difficulties are insurmountable.. 

Some time ago I brought under Sir William Ramsay’s notice a sterilizer used by a firm of aérated 
wuter manufacturers in Belfast, based on the regenerative principle. The sterilizer was worked 
by a single Bunsen’s burner, and had an efficiency of, I think, 1,000 gallons a day. 

I do not s2e why the same principle should not be used for sterilizing effluents if. a cheaper fuel, 
such as Mond gas, or even coke, were employed. 


dq 
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Mr. F. R. OSHAUGHNESSY. Cuemist To toe BirgmincuHam, TAME, AND REA DISTRICT 
DRAINAGE BOARD. 


The Laboratory,’ 
Tyburn, Birmingham, 
October Ist, 1903. 
F. J. Willis, Esq., 
The Secretary, 
~~ Royal Commission on Sewage Disposal. 


STANDARDS FOR SEWAGE EFFLUENTS, 
DEAR Sir, 

Please accept my apology for not filling up and sending the answers to the questions 
in the form dated May, 1903, earlier. The extra work I am doing for the Commission takes up 
so much of my time that I have not been able to devote my attention to this subject. 

My answers are as follows :— 


(A) Effluents which will pass into non-drinking water. 
1. I am in favour of fixed standards. 


2. For general purposes I think a standard based on the non-putrescibility of the effluent 
will be sufficient for most cases. 

Other qualities of an effluent, such as the rate of absorption of dissolved oxygen, the exact 
quantity of organic matter, are partly, at all events dependent on this. . 
_ I do not, however, wish it to be inferred that I am against further limits being placed on the 
quality of the effluent. Quite the contrary. A standard based on arbitrary figures is not so 
generally applicable as the test of non-putrescibility, and in practice will, in my opinion, call for 
constant modification on account of special circumstances. 

In this respect I may say that I consider the standard referred to in your form, 7.e., that of the 
- Mersey and Irwell Joint Committee, is somewhat too stringent for ordinary working purposes. 
Such a standard I think cannot be maintained at present in everyday work, although in special 
cases it is occasionally surpassed. 

With respect to the question of the rate of absorption of “ dissolved oxygen” I wish to state 
that I am at present making systematic observations of the behaviour of effluents in this respect, 
but at present I am not prepared to make a statement thereon. 

With respect to the question of the quantity of organic matter in an effluent, I think it desirable 
for practical purposes that some provisional figure or figures be adopted as a maximum limit 
of impurity for the guidance of engineers, members of committees, etc., such figures being always 
considered in connection with the special features of the case. 

From my experience I would suggest as working figures the following—say for albuminoid 
nitrogen ‘16 parts per 100,000, say for oxygen absorption 2-00 parts per 100,000. 

With regard to the effect of an effluent on the bed of a stream I generally find that plant growth 
takes place most vigorously where the effluent has been well nitrified and well diluted. 

The effluent from the farm of the Birmingham Tame and Rea District Drainage Board is roughly 
about equal in bulk to the average flow of the river into which it discharges. No appreciable 
growth has been observed by me within 12 miles below the Joint Board’s Works, whilst at several 
points above these works abundant growth takes place in the river bed. 


3. At the present time I am not prepared to state my views on this question. 


4. I am not opposed to a definite standard. 


(B) Effluents which may pass into a drinking water stream. 


5. I consider that a very much higher standard than the above should be adopted for such 
eases. As I have not had occasion to give this question any attention in practice, my views 
thereon are chiefly theoretical. Also as sewage effluents from most methods of treatment con- 
tain enormous numbers of micro-organisms, many of which are objectionable, or even dangerous, 
means should be taken to remove the dangerous forms and generally reduce the number of organisms, 


6. I have no grounds for thinking that it is possible to successfully sterilize sewage effluents 
of appreciable bulk. 


I have made no exact experiments as to whether it is easier to treat a small volume of a strong 
sewage or a larger volume of a weak sewage, the total organic matter being the same. From 
general observations on the manipulation of bacteria beds, however, I am of opinion that it is 
much easier to successfully treat the larger bulk of weaker sewage. ‘This opinion is based on the 
observed difficulty of treating a concentrated sewage on bacteria beds, as against the comparative 
ease with which a satisfactory effluent may be obtained with a more dilute sewage. 


I am, Sir, 
Yours iaithfully, 
F. R. O'SHAUGHNESSY. 
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Mr. SAMUEL RIDEAL, D'Sc., F.L.C. 


QUESTIONS WITH REGARD TO STANDARDS FOR SEWAGE HFFLUENTS. 


As I have already published opinions on most of the points mentioned in the circular, I think 
it will be useful to include in my answers some relevant passages from the various publications. 


Question 1. I am not in favour of standards fixed without consideration of local conditions, 
especially of the volume, aeration and general state of the recipient stream. 


“ Rideal on Sewage, 1901,” p. 15 :—‘ The conditions for safe discharge into a flowing stream 
depend upon local factors . . . . such as time, light, volume of oxygen, and various life 
of a river.” 


Ibid., p. 45 :-—“ But in all these arbitrary limits, no account is taken of the volume of the river 
into which the effluents are discharged . . . . Provided a river is well aerated, or an effluent 
is well nitrated, or an oxidizing agent is supplied in sufficient quantity at the time of contact, 
an effluent may contain a larger quantity of organic matter than has been sanctioned in the past, 
and variations in such quantities are permissible under conditions varied in the above way 


Some fixed distance below the outfall in midstream should be specified as the locality at which 
samples should be taken.” 


Ibid. ,p. 46 :—(For reasons given) “an arbitrary standard based upon the albuminoid figure 


is valueless.”’ 
@ 


Question 2 (a) Ibid., p. 43.—* his test, though extremely useful, 1s arbitrary in character, 
as an effluent is not intended to be stored by itself, but when finished, to be discharged at once 
into water which is moving and aerated. If an effluent passes the incubator test it can be dis- 
charged into a dry ditch without fear of subsequent putrefaction.” 


Question 2 (b) Useful, but too limited in scope. 


Question 2 (c) See an example, ibid., p. 46 (referring to Ribble Joint Board), showing that 
‘an absolute standard,” taking in only one or two factors, is inadmissible. 


Question 2 (d) I would condemn entirely the second standard mentioned, the “ratio of 
oxidized to albuminoid nitrogen,” because : , 


1. For the chief reason, it leaves out of consideration the free ammonia, which, especially 
in strong sewages, enters very largely into the question of nuisance, and also oiten 
greatly retards natural bacterial improvement. This fact is implicitly recognised in 
the Commissioners’ next paragraph, ‘‘ The Commission feel it is important to bear 
in mind ef 

2. The albuminoid figure relates to different kinds of organic matter, having trequently 
widely differing relations to bacterial change (abid., p. 47). 


On the other hand (‘‘ Rideal on Sewage,” p. 49), “‘ the proportion between the oxidised and 
unoxidised nitrogen denotes the extent to which the sample has been purified.” 

The oxygen-consumed figure has also to be taken into account, not in an isolated manner, but 
relatively to the other factors. Simple formule combining the relations, first suggested to me by 
Mr. Henry Law, M.I.C.E., I published in 1897 in a lecture at the Society of Arts (J. Soc. Arts, 
- Dec. 17th, 1897), and further explained in my above-mentioned work on Sewage (p. 16), as follows : 
‘“‘ Where X is the flow of the stream, O the amount of dissolved oxygen, S the volume of effluent, 
M the “ oxygen consumed” by the latter, N the available oxygen as nitrate and nitrite, C the 
ratio between the amount of oxygen in the stream and that which is required to oxidize the 
organic matter in the effluent, then the equivalent of minimum safety will be — 


XO =C(M—-N)S. 
Where the sewage is fresh, and no nitrates have been formed 
Do aC: 


If N be less than M, M — N = the deficit of oxygen in the effluent, requiring to be supple- 
mented by the free oxygen in the river ; such an effluent will throw a burden on the river, and 
cannot be considered in a satisfactory state, and it will be a question of volume and other circum- 
stances whether it can be permitted to be discharged at all. This may be determined by the 
consideration that if the available oxygen of the river, X O, be greater than the demand (M — N) 
S, there will be a chance of the stream dealing with the inflowing liquid, but if the reverse be the 
case, foulness will necessarily accrue. E 

In the favourable cases where bacteria and alge are active, and the oxygen of the river is able, 
by their help, to deal rapidly with the incoming residues, the minimum ratio betwe2n the volume 
of the stream and the volume of effluent that could be allowed to be discharged into it would be 
indicated by the value of C in the above equation, which would also approximately denote how 
far the population might increase before the proportion could be seriously disturbed. The minimum 
figure will be reduced by the nitrites or nitrates of the river water itself, or the free oxygen which 
may be present inthe effluent.” These figures ure supplemental to the O and the N of the above 
equation, but are better left as a margin of safety. 


Question 3. Rideal, “ Aeration Test for Sewage Effluents,” Analyst, August, 1901 :—‘ Many 
outdvor circumstances, such as space and time, soil, life, flow and wind, cannot be imitated in the 
lahoratory, so that the test so applied must always to some extent he an artificial one.” 
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Especially is this the case with the closed test, because (2bid., p. 198) “the dissolved oxygen in mr, Rideal. 
saturated water only amounts to one part by weight in 100,000, so could not be sufficient to 
oxidize the organic matter of mixed liquids which, exposed to the air, would rapidly improve.” A 
typical example follows in the paper. 

A closed test in the dark, as conducted systematically by Albert Levy in Paris, only regards a 
section even of the bacteria and does not relate to natural conditions. 





Question 3A. The test of allowing mixtures of equal volumes of the effluent and of rully-aerated 
water to stand in open vessels, and to determine the dissolved oxygen at 12, 24, and 48 hours, 
is very useful. Dibdin’s stipulation that the amount should not fall below 50 per cent. of satu- 
ration at the temperature (founded on his observation that ‘‘ whenever the aeration of the water 
of the Thames was found to exceed this minimum there was no suggestion of nuisance ’’) is a 
reasonable one, but in his proposal of ‘“‘ equal widths and depths,” without a definite size being 
given (Journal Soc. Chem. Industry, June, 1900, p. 498) the ratio of surface to volume varies in 
each case. I have examined the subject in the paper mentioned in answer to Question 5, and find 
that the best conditions for carrying out the test uniformly are, ‘‘ the samples should be kept 
at a uniform temperature in cylinders 6in. deep and 3 in. wide, exposed to air and light, but pro- 
tected from dust. The volume will be about 600 cc., and the ratio of surface to volume 1 to 6. 

This ratio is the most important point to keep constant, as it regulates the rate of ab 
sorption of oxygen from the atmosphere. 


Question 4. See answer to Question 1. 


Question 5. Not a higher standard, as water which has received effluents is not in a different 
position from ordinary river water in requiring to be subsequently specially purified if it is to be 
used, which I deprecate, for drinking purposes. 


Question 6. I do not consider it generally possible, from conditions of expense, to sterilise the 
whole of sewage effluents. But I have indicated (Rideal’s Sewage, p. 69) how they can in special 
cases, aS in those from hospitals, be “ finished’ by chemical agents. Some such process as 
the Liernur is also available on a limited scale (zbid., p. 166). 

With reference to the next paragraph, in Local Government Board inquiries the state of the 
stream has always been taken into account as almost a dominating feature. Such a stream as 
is alluded to would be considerably improved by the addition of a clear and properly nitrated 
effluent. The formula I have given above would deal with the question. 

In answer to the last paragraph, I have found that, provided they are applied in such volume 
and in such a manner as to allow proper aeration for the filters or land, strong sewages not con- 
taining excessive amounts of free ammonia (or extraneous ingredients of trade origin), are as 
easy to treat bacterially as weak ones. 


June 4th, 1903. SaMvuEL RIDEAL. 
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Mr. H. ALFRED ROECHLING, M.LC.E., Exc., Ere, 
STANDARDS FOR SEWAGE HFFLUENTS. 


Circular dated May, 190 


Preliminary Observations. 


The circular of May, 1903, deals practically only with sewage pollution, and is silent on the 
question of micro-organisms and mineral pollution ; but liberty has been taken to assume in the 
following remarks that these matters ought not to be left out of consideration in settling the 
question of standards for sewage effluents. i 

It is further not clear from the circular whether the division of streams into drinking-water 
and non-drinking-water streams has only been assumed for the purposes of the report, or whether 
it is intended to recommend the application of this division to streams and watersheds for rivers 
pollution purposes ; but the following observations are based on the supposition that such recom- 
mendation is intended. . Peg 

The circular points out that the condition of the stream which takes the effluent cannot be 
taken into account when considering the question of rivers pollution, but in this place it has 
been assumed that this limitation refers solely to the quality of the water in a given stream, and 
not to its quantity ; otherwise, and without any further considerations, a ‘‘ universal absolute 
standard ”’ would be the logical sequence. 

Finally, it is necessary to state that in considering the question of standards for sewage 
effluents it has been assumed that in future the waste liquors from manufactories will in the 
majority of cases be treated together with domestic sewage by the local or sanitary authorities 
of the district, as has been recommended. 


Division of Streams into Non-drinking and Drinking-water Streams. 


Whilst admitting that for purely theoretical purposes it may seem convenient to divide all 
streams into drinking-water and non-drinking-water streams, I am against applying such a 
division to the practical work of rivers pollution, as it will be quite impossible to adhere to it 
in practice, and there are further strong objections to such a division from economic and equitable 
grounds. 

It might be urged that without such a division the new central authority would be considerably 
hampered through the want of discretionary powers in dealing with all the various cases that 
will come before it; but in my judgment, whereas an Act of Parliament must necessarily be 
more or less rigid, the requisite elasticity can be imparted to the central authority by empowering 
it to issue rules and by-laws on various subjects. : 

Dealing first with the practical objections to such a division, and assuming that the new central 
authority were to have power to make a formal declaration of legal effect for this purpose, the 
question immediately arises, how many human beings would have to be proved to be in the habit 
of drinking the water of a stream before such declaration could be made ? 

Further, it must be borne in mind that,as the whole population of %his country can never be 
supplied with water entirely from underground sources, surface-derived waters must always 
remain amongst the sources of our water supplies. Indeed, it is quite probable that with the 

xapid increase of population surface sources may in future have to be relied on in even a greater 
degree than heretofore, so that nothing should be done which may irrevocably stamp some 
.streams as non-drinking-water streams. 

There are a large number of streams in this country which are used near their sources for water- 
supply purposes, and there are others, such as the Thames, which are used for this purpose near 
their mouths. What is to be done in their case? Are they wholly to be treated as drinking- 
water streams, or partly as drinking-water and partly as non-drinking-water streams? Where 
is to be the boundary between drinking-water and non-drinking-water zones and areas of rivers 
and watersheds ? 

What is to be done with the prescriptive rights of sewage purification works that may have 
been acquired in the case of non-drinking-water streams when either temporarily during drought 
or permanently alter careful purification, it becomes necessary to utilise the water again for 
drinking purposes ? 

Coming now to the objections to such a division on economic and equitable grounds, could 
it not be urged that the setting up of differential treatment of areas in an Act of Parliament, 
which would practically be equivalent to preferential treatment, is very undesirable, and might 
establish a very doubtful and awkward precedent ? Why should some areas be declared by 
law to be in a better position as to sewage treatment than others ? Why should some be com- 
pelled to do little, others much, in this respect ? Might it not happen that the small and poor 
communities in the upper reaches of a river, where its water is drunk, would have to purify their 
‘Sewage at considerable expense, whereas the large and rich communities lower down escaped 
‘with proportionately little expense ? 

Are the uses of river/water for bathing, cattle drinking, and manufacturing purposes to be 
declared illegal at the time a stream is declared a non-drinking-water stream,so that no damages can 
be claimed against those who render the water unfit for such uses 2 

One is therefore driven to the conclusion that the law ought not to recognise any main division 
of streams into drinking-water and non-drinking-water streams, but that all streams ought to be 
treated alike, with liberty of discretion to the central authority to make such differences on minor 
points as they may deem fair and reasonable. 
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Standards of Purity. 


Standards of purity may be divided according to the area of their application into “ local” 
and “universal,” and according to their nature into “ re/ative ” and “ absolute ” standards. 

If it is necessary to purify sewage at all, it is essential—and I think this is now fully recognised 
by all—to remove therefrom its most poisonous substances,namely, the pathogenic micro-organisms, 
no matter how large or how small the river is, so that we have to deal here with a universal absolute 
standard. » 

Dealing next with the dead organic matters, either in suspension or solution, I am satisfied 
that from a purely scientific point of view we ought to adopt local relative standards depending 
on the digestive, carrying, and other capacities of the river water which takes an effluent. But 
this would mean, if carried to its logical conclusions, that the standards of purity would vary 
for every river, for every point of one and the same river, and for every season, a so perplexing 
and exceedingly complicated multiplicity of standards as to be out of the question for practical 
purposes, where simple and easy rules are of paramount importance. 

It is necessary, therefore, to adopt for this purpose likewise a universal absolute standard. 

Considering further the effect of the mineral matters contained in an effluent, some require 
to be judged by universal absolute standards, others by somewhat local relative standards, so 
that here we have to deal with a combination of the two. 

It will be clear, therefore, that the general standard for sewage effluents will be a combination 
of universal absolute with local relative standards, and the standards I would recommend are :— 


i. As to micro-organisms in effluent water. 
| 1. The effluent shall be free from pathogenic micro-organisms. 
TI. As to dead organic matters in effluent water. 
1. The effluent shall be free from putrescible matters. 
Ill. As to mineral matters in effluent water. 


1. The effluent shall not contain mineral matters that can discolour the water or impart 
to it a disagreeable smell. 


bo 


. The effluent shall not contain mineral matters that can injuriously act upon the flora 
or fauna of the river water. 


3. The effluent shall be free from mineral matters to such an extent that they do not give 
rise to luxurious growth in the river water, 


IV. As to dead organic and mineral matters together. 


1. The effluent shall be free from all matters that will prejudicially affect the How of the 
river. 


T am inclined to think it would be comparatively a simple matter to apply tests to ascertain 
whether a particular effluent. complies with these standards or not, especially if power be given 
to the new central authority to prescribe, vary, or cancel.from time to time the regulation tests 
necessary for this purpose. 

To ascertain whether an effluent contains disease-exciting causes, the new central authority 
might, under ordinary conditions of health, be satisfied with a determination of the total number 
of micro-organisms, or of one particular kind, in one cubic centimetre of effluent, but should have 
power to insist upon a more careful bacteriological examination for the detection of pathogenic 
forms when the state of the public health of a district requires it. For this purpose the central 


authority should have power to order any sanitary or local authority to supply them with weekly, 


monthly, quarterly. or vearlv health returns 


Sterilisation of Sewage Hffluenis. 


Co: cerning the question of sterilising sewage by artificial means, I would point out that for all 
practical purposes the passing of sewage through suitable land on a well-managed sewage farm 
has sufficed up to now to deprive it of its pathogenic micro-organisms, and in proof of this I would 
mention that there is no case on record, so far as I know, where the effluent from a well-managed 
sewage farm has caused an outbreak of typhoid fever. ‘he method is not an absolute guarantee 


for such removal, just as little as an artificial process of sterilisation would be an absolute guarantee 5 . 


both methods are subject to a number of errors, depending partly on human agencies, which 


will never be completely effaced ; but so far the method of land treatment affords the only practi~. 


cable, reasonable, and well-tried method for such removal. 


25th June, 1903. H, ALFRED ROECHLING.. 


Mr. H. A. 
Roechling, 
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Mr. FRANK SCUDDER, F.CS., F.1.C. 
(First Letter.) 


44, Mosley Street, 
Manchester. 
June 30th, 1903. 
Dear Sir, 
Re STANDARDS FOR SEwAGE EFriLuenrts. 
a. Liffiuents which will pass into a Non-drinking Water Stream. 


In reply to your circular letter dated May, 1903, I have the pleasure in stating my views 
on the questions asked as follows :— 


I am not in favour of “ fixed,” “ absolute,” or “‘ definite” numerical standards of purity. 


- The provisional standards which were adopted some years ago for carrying out the work of 
the Mersey and Irwell Joint Committee were as follows :— 


Limits of Impurity Allowable. 
Grains per gallon. 
1. Oxygen absorbed from an acid solution of permanganate 
of potash acting upon the sewage effluent for three 


minutes at 60° Fahr. - - - - - - - 0°25 
2. Ditto, four hours’ test at 60° Fahr. - - - * 1:00 
3. Albuminoid ammonia - - - - - - - 0°10 


These standards are used for the purpose of classifying sewage effluents, the main object being 
to differentiate effiuents of a putrescible character from those that are non-putrescible. 


They ought not to be referred to as absolute standards because they do not give you all the 
information that is required to enable one to draw an accurate deduction in every instance. Ii 
an absolute standard is to be fixed regard must also be had to the rate at which dissolved oxygen 
is removed from surrounding water. I have already pointed out to the Commission, at Question 
6098*, that mere dilution ot crude sewage with water so as to bring it within the provisionai standards 
of the Mersey and Irweil Board does not produce a non-putrescible effluent. An effluent so pro- 
duced is still capable of robbing aérated water of its dissolved oxygen. A standard, therefore, 
which is based entirely on the quality of the organic matter remaining in an effluent as measured by 
the permanganate test, and the albuminoid ammonia test, may indicate a quality of organic matter 
having a less tendency to rob aérated water of its dissolved oxygen than an effluent derived from 
the direct dilution of crude sewage, both efflucnts having the same numerical figures of oxygen 
absorbed from permanganate and of albuminoid ammonia. Conversely a sewage effluent may 
be incapable of robbing aérated water oi its dissolved oxygen and will yield numerical figures 
of oxygen absorbed from permanganate and of albuminoid ammonia, which infringe the provisional 
standards referred to. 


6 ? 


The Commission refer in their circular letter to the “ residual organic matter” in an effluent 
being less fermentible than the “same weight of organic matter ”’ remaining in an effluent which 
is derived from a weak sewage. This is, in my opinion, rather an ambiguous statement to make, 
because in the first place there is no correct method of analysis which can accurately determine 
the weight of organic matter in a sewage effluent, and secondly, the standards based on the 
permanganate test, and on the yield of albuminoid ammonia, only indicate quality and not the 
weight of organic matter. Even the determination of the organic nitrogen either by Kjeldahl 
or any other method does not give you any accurate determination of the weight of organic matter 
in an effluent—the factor for multiplying the nitrogen figure found being different for each organic 
substance present, and in organic substances free from nitrogen of no value at all. 


In answer to Question 2. I am not in favour of standard (a). A standard based solely 
on the non-putrescibility of an effluent upon incubation without reference to any other tests 
is not sufficient to form an accurate judgment of the quality of all sewage effluents. The incubator 
test was introduced into the work of the Joint Committee for the purpose of differentiating tank 
effluents from filtered effluents, there being an expression of opinion amongst sanitary authorities 
that if they provided efficient tank treatment they ought not in addition to provide for filtration . 
of sewage. The incubator test is not a severe enough test to apply to a filtered effluent, and 
alone is not sufficiently reliable. 


With regard to standard (5) it is preferable to the previous standard (a), but it does not go 
far enough, and is not sufficient to form an accurate judgment on all sewage effluents, especially 
in sewages containing trade waste. (See analyses of filtered sewage effluents from the Manchester 
Sewage Works, Table 4.) The presence of germicidal substances interfere with the test. (See 
Minutes of Evidence, Question 6108.}* 


With regard tostandardc), which is the provisional one of the Mersey and Irwell Joint Committee, 
it is important to bear in mind tha three tests have to be fulfilled to meet the'standard. If the 
sewage effluent complies with all three tests it is invariably of a non-putrescible character, because 
the three minutes permanganate test, viz., 0°25 grain oxvgen absorbed per gallon, is a severe 
one to comply with. By this I do not mean to insinuate that it is difficult to obtain in practice. 
On the con!rary, out of 456 samples of sewage effluents recently examined, 236 did not infringe 








* Interim Report, Royal Comm‘ssion on Sewage Disposal, Vol. II. 
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the standard. ‘These effluents would bear the most stringent examination. The second test 
which is applied is the four hours permanganate test, and the limit of impurity allowable in a 
sewage effluent is fixed at one grain oxygen absorbed per gallon. Out of the 456 samples examined 
311 samples complied with the standard. 


However, this test does admit of a few instances of effluents of a putrescible character creeping 
in, and it is also open to the objection already referred to, viz., dilution of crude sewage so as to 
meet the standard, and yet containing putrescible organic matter. Any definite standard must 
therefore provide for such cases, and I will deal with this point later on. The third test which is 
applied is the albuminoid ammonia test, and the limit of impurity allowable is fixed at 01 grain 
ammonia per gallon. 


This is the least satisfactory of the three tests, and experience corroborates this statement 
Results are still, however, being recorded, because until a complete explanation is forthcoming 
why in effluents of a non-putrescible character the albuminoid ammonia figure infringes the 
standard its true value cannot be ascertained. Suspended matter has generally accounted for 
this feature, but many samples of a clear and sparkling character have an albuminoid figure 
higher than 0:1. 


With regard to standard (d) I am of opinion that it is of little value, inasmuch as many effluents 
of a non-putrescible character are free from nitric nitrogen. (See Vol. III., Appendices, p. 261, 
Appendix No. 6, Table A.* Minutes of Evidence p. 209. Tables 7, 8 and 9.1) 


_My experience is that it is more reliable > test the power of a sewage effluent to destroy 
nitrates, and to ascertain the rate at which nitrates disappear in the effluents. 


Before numerical standards are further discussed it would be well to point out what tests are 
necessary in my opinion to enable an accurate deduction being made as to the character of a 
sewage effluent. The tests that I rely upon are as follows :— 


1, Permanganate test ; three minutes test. 
2. Permanganate test, four hours test. 

3. Albuminoid ammonia. 
4 


. Rate at which dissolved oxygen is destroyed when the effluent 1s presented to aérated 
water :— 
(a) After 24 hours at 75° Fahr. 


(6) After 48 hours at 75° Fahr. 
. Nitrites. 


oy Cr 


. Nitrates, and the power of the effluent to destroy nitrates acting at 75° F. for 48 hours. 
7. Chlorine. 


In all important cases, and when the history of the sewage effluent is unknown, this information 
ought to be the basis upon which to form an opinion. 


When the provisional standard of the Mersey and Irwell Joint Committee, involving as it does 
the application of three tests, is strengthened by the addition of two others, viz., first the rate at 
which dissolved oxygen is destroyed when the effluent is presented to aérated water, and secondly, 
the rate at which nitrates disappear when the effluent is incubated at 75° Fahr. for 48 hours, 
« more reliable working standard is obtained. 

With regard to the dissolved oxygen test, the sewage effluent ought not to absorb more than 
two grains of dissolved oxygen per gallon of sewage effluent in 48 hours at 75° Fahr. (test to be 
carried out as directed by adding one volume of sewage effluent to nine volumes of tap water). 


In the nitrate test the sewage effluent ought not to destroy more than 0°25 grain nitric nitrogen 
per gallon during a period of incubation of 48 hours at 75° Fahr. 


This modification of the Mersey and Irwell standard is only of value for the purpose of more 
‘accurately classifying sewage effluents and must not be looked upon as an “ absolute ” numerical 
standard. If you refer to the results of my analyses given in Appendix No. 6, pages 261 and 262,* 
and to Table 2 herewith sent it will be observed that many of the sewage effluents comply with 
the numerical standards, and in some cases are much lower than the limits of impurity allowable. 


In answer to Question 3, I enclose you a description of the test, and photographs of the apparatus 
which I have used for a long time for the determination of dissolved oxygen. As regards accuracy, 
simplicity, and manipulation it is all that can be desired. 


With reference to effluents which may pass into a drinking water stream, I am preparing a 


statement which will be sent you early next week. 


I am, yours truly, 
4 FRANK SCUDDER. 


The Secretary of the Royal Commission on Sewage Disposal. 











* Interim Report, Royal Commission on Sewage Disposal, Vol. III. 
t ” or) +) ” ” ” ” Vol. 8 f 
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Enclosure II. to Mr. Frank Scudder s Reply. 


DISSOLVED OxyGeEn Test. 


THE reagents employed are as follows :— 


(1.) Indigo solution. Take 3 grammes of indigo carmine, dissolve in hot water, and make up to- 
one litre. 


(2.) Sodium hyposulphite (NaHSO,). Sulphurous acid (SO,) gas is passed through a saturated. 
solution of carbonate of soda, until saturated with SO,. 50 cc. of the bisulphite solution is placed 
in a 60z. stoppered bottle, and 10 grammes of zinc dust added, and shaken well for two minutes, 
keeping the liquid cool by holding under running water. Then fill the bottle with water, and allow 
to stand 15 minutes, when the top liquid can be decanted into a half Winchester bottle which is. 
at once filled with tap water. Some operators now add milk of lime, and form a neutral hypo- 
sulphite of lime, but I prefer to use the liquid without the addition of lime. From this stock 
solution, a dilute hypo solution is made up to such a sirength that 15 to 20cc. will decolorise 
25 cc. of the Indigo solution. Sane 

In order to keep the stock hypo for a month, it is advisable to cover the liquid with a layer of 
petroleum, or to turn the bottle neck downwards in a vessel of water. 


Methoa of procedure.—100 cc. of the sewage effluent are added to 900 cc. tap-water in a half ~ 
Winchester bottle, well shaken, and allowed to stand half an hour to allow small air bubbles to 
rise to the surface. The temperature of the liquid is noted. Two 10 oz. stoppered bottles are- 
then filled with the diluted effluent, and placed in the incubator at 75° Fahr. The dissolved 
oxygen is estimated at start, after 24 hours, and after 48 hours. 4 


Calculation : 
emperature 22° C, 


1 litre of aerated distilled water at 22° C. contains 6-04 cc. oxygen per litre. 
25 cc. Indigo solution = 19°8 cc. hypo solution. 
100 ce. Dis. Aq. at 22° C. = 7°7 cc. hypo solution. 
. 604 + 77 = 0°0784 cc. oxygen the value of 1 cc. hypo. 
but 25 cc. Indigo =19°8 cc. hypo. 
*. (0784 x 19°8 | | 
= 0°0621 = value of 1 cc. Indigo in terms of oxygen. 

25 z 
25 cc. Indigo = 22:0 cc. hypo. 
100 cc. diluted effluent = 9°5 cc. hypo. 
but 1 cc. Indigo = 0:0621 cc. oxygen. 
S00 alex tap 

————— = 0:0705 = oxygen value of 1 cc. hypo for the day. 

22 
and 00705 x 9°5 x 10 = 6°70 ce.’s oxygen per litre in the effluent examined. 
100 cc. of the original sewage effluent is presented to 6°7 cc.’s dissolved oxygen. 
1 cc. oxygen weighs 0:022123 grain. . 
67 x 10 x 4543 x 022 = 6:7 grains dissolved oxygen per gallon of sewage effluent. 


Dissolved oxygen apparatus:—The arrangement of the apparatus as used by me for the 
determination of the “ dissolved oxygen” in water is similar in principle to that described by 
Roscoe and Lunt, in the Chemical Society Journal, Vol. 55, August, 1899, page 552, also see 
Sutton’s Volumetric Analysis, 8th edition, page 297, et seq., but modified so as to make it 
portable. 

The main parts of the apparatus are Ist, a hydrogen apparatus which can give a constant. 
stream of pure hydrogen under pressure, and 2nd, the estimation bottle having an indiarubber 
stopper with six holes holding three burettes (for sample, indigo, and hypo respectively), an inlet 
and outlet tube for hydrogen, and a tube for emptying the bottle. The apparatus was designed 
to be the same size as an ordinary Orsat gas analysis apparatus. The photographs shew the- 
apparatus as in use, and its construction is as foflows :— 


Hydrogen apparatus.—Bottles A B C form a simple arrangement for the generation of hydrogen 
under pressure, acting in the same manner as a “ Kipp.” From the top of bottle (A), a tube: 
passes to bottle (D), in which there is a little caustic soda. The stopcock (1) regulates the supply 
of hydrogew which passes to bulb (E), filled with beads, and saturated with alkaline pytogallic to. - 
free the gas from any trace of oxygen. The hydrogen then divides, one part going to the hypo- 
sulphite stock bottle (H), while the remainder passes to the top of the hypo burette, which has a 
T tube fused on, and allows the burette to have an atmosphere of hydrogen above the hypo, while 
the remainder of the gas passes through stopcock (5) into the bottle (G), from which it escapes 
through the water seal tube (L) to the atmosphere. 


To saturate the beads with alkaline pyrogallic.—Each day before the apparatus is used, the beads. 
in (E) have to be saturated with pyro from the bottle underneath, which is done thus: stopcock 
(1) is closed and the threezway stopcock (3) opened to the air. The three-way stopcock (2) is 
opened gradually, and the hydrogen forces the pyrogallic from (F) up to (E); stopcock (2) is then 
turned to ailow the pressure in bottle (F) to escape, when the liquid falls back to (F). This is 
once repeated to saturate thoroughly. Stepcock (2) is then shut off from the hydrogen, and 
No. 1 opened, when the hydrogen drives any, air from (E) through (3) to the atmosphere; No. 3 
is then turned to allow hydrogen to get into bottle (H). ae . 


PHOTOGRAPHS OF THE DISSOLVED OXYGEN APPARATUS REFERRED TO IN ENCLOSURE II. TO 
Mr. FRANK ScUDDER’S REPLY. 
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Lo fill the hyposulphite burette.—Each day the hyposulphite lying in the burette must be driven 
back into bottle (H), and the whole mixed. This is done by opening (3) to the air, and, turning 
the two-way cock fitted on the burette, the hydrogen pressure blows back the hyposulphite to 
bottle (H), and bubbles for a few seconds to mix. Cock (3) is turned to allow the hydrogen into 
the bottle, and the hyposulphite at once runs back to the burette. 

The indigo burette is an ordinary 25 cc. burette open to the atmosphere, and is filled by means 
of a wash bottle. 

Hydrogen is now blown through the apparatus for ten minutes to get rid of any trace of oxygen, 
and the sample of water to be estimated in bottle (K) connected by siphon with the water burette 
having a two-way stopcock. 

When ready to start, 20 cc. of water are run from bottle (K) into the water burette to wash the 
connections from air, and to seal the water burette tube under liquid in bottle (G), 5 cc. of indigo 
ate also run in. This is now decolourised exactly with hyposulphite to a clear yellow colour, and 
the water and hypo burettes brought to zero. Water is now run in slowly underneath the sensitive 
yellow liquid, which at once turns blue; a few drops of hypo are added as required to keep the 
blue colour down to a faint blue till the whole of the 100 cc. of water has been added, when the 
hypo is added cautiously till the clear yellow colour is obtained as at start. The burette is then 
read off. If the determination has to be repeated, then the finger is held on the exit of tube (L), 
stopcock (5) opened, when the pressure of the gas drives the water out of the estimation bottle 
through a tube which touches the bottom of the estimation bottle, into an outside vessel at the 
back of the apparatus, about 20 cc. being left in for next estimation. 5 cc. indigo are now 
added, and the process repeated. When the sample is finished, with a tube fixed in a stopper in 
the top of the water burette enables the water to be blown back to bottle (K), which is then replaced 
‘by the next sample. 


Frank Scupper, F.I.C. 
44, Mosley Street, Manchester. 


Mr. F, 
Seudder. 
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(Second Letter.) 


Mr. FRANK SCUDDER, F.CS., F.I.C, 


44, Mosley Street, 
Manchester, 
July 2nd, 1903. 


Deak Sir, 


Re Stanparps ror SewacE EFFiuents. 
B. Effluents which may pass into a Drinking-water Stream. 


Question 5. In answer to this question, I am of opinion that no water from a stream which has. 
received sewage effluent ought to be used for drinking purposes. In my professional capacity 
as a chemist, I am constantly reporting on the quality of water used for drinking purposes, especi- 
ally in the case of “ well” waters, and if I find any indication that such water is contaminated 
with sewage organic matter, I reject such water as unfit for drinking purposes. The fixing of 
standards for sewage effluents which may pass into a drinking-water stream is a delusion and a 
snare. Ofcourse, I am aware, for instance, that London derives its water supply from a river into- 
which sewage effluents are discharged, but the question resolves itself into a consideration of the- 
ratio of sewage effluent to river water. The effect of dilution is such, that when such water is- 
submitted to an efficient system of filtration it is supplied to the people of London, and we know 
that the only efficient filtration, from a sanitary point of view, is that which removes the whole. 
or almost the whole of the living microbes from the water. The fixing of standards such as I 
have referred to in the case of effluents which pass into a non-drinking-water stream have no. 
application in this case, having regard to the fact that in drinking-water the presence of organisms. 
aad their character is of paramount importance in forming a judgment as to the quality of the. 
water for drinking purposes. 


In reply to Question 6, I do not think it practicable to sterilize sewage effluents. 


In answer to the last question, viz., ““ Whether it is easier to treat ona given area of land or filter’ 
a small volume of a strong sewage or a larger volume of a weak sewage, the total amount of organic 
matter in each volume being equal?”’ on the whole, Ishould prefer to dealwith the smaller volume- 
of sewage, as the area can be better manipulated, and more time given for exidation, but so much 
depends on the quality of the organic matter (manufacturing sewage varying so much in different 
centres), that the question cannot be answered without a great deal of proof and reference to- 
many cases. 


I am, yours truly, 


FRANK ScuDDER. 


F. J. Willis, Esq., 


Secretary, Royal Commission on Sewage Disposal, 
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Mr, F. WALLIS STODDART, F.I.C., F.C.8.—-Pusuic ANatyst ror Crry anp County oF 
BrisToL SaLisBURY AND BripewaTer. Lecturer In University CoLiEcE, BRISTOL. 


Western Counties Laboratory, 
Bristat 
June 8th, 1903. 


STANDARDS FOR SEWAGE EFFLUENTS—REPLY TO CIRCULAR LETTER. 


(A) Effluents which will pass into a Non-Drinking-Water Stream. 


1, Yes. I think some form of standard is necessary as a means both of coming to a decision 
as tofthe most satisfactory methods of purification and of enforcing the application of such methods. 


2. In selecting the standard I think the following considerations should be borne in mind :— 


(a) A single standard and not standards should, if possible, be selected. This standard may, 
of course,-be composite as suggested, for instance, in paragraph 2 (a), that is to say, 
an effluent may be called upon to comply with two or more tests simultaneously, 
but there should not be alternative standards. Unless, however, the individual 
tests cover really separate requirements they are best omitted, that is to say merely 
corroborative tests should not be included in an official standard. 


(6) The standard should be based on a test or tests requiring the least possible time and 
work, because in order to decide whether a given form of treatment is satisfactory 
it is absolutely necessary to make frequent independent tests under all conditions, 
and it is not sufficient to make an average test of material collected over an extended 
period. As this may involve fifty or more separate tests within twenty-four hours, 
it 1s imperative that no complicated or laborious operations be called for. A con- 
tingent advantage is that with the simpler test there is less danger of conflicting 
results, and consequent expensive litigation. 


(c) The test selected should be one unaffected by reasonable delay in the examination of the 
sample, and 


(d) Should directly indicate the suitability or otherwise of the effluent to be discharged into 
a Stream, 


On applying these considerations to the various standards classified in paragraph 2 of the 
circular letter it appears :— 


a) That a standard of non-putrescibility upon incubation complies with all requirements 
It is simple, requires but a few moments of personal attention, and that of the least 
echnical character, and is therefore almost incapable of giving contradictory results 
n the hands of different observers ; it is not affected by delay in the examination of 
properly-collected samples, but is indeed proceeding from the moment of collection ; 
finally, it gives a direct reply to the question at issue, inasmuch as it merely reproduces 
the conditions to which the evils of sewage pollution are due. 


The only practical objection to this test, namely, the length of time required for incubation, 
is largely met by the modification suggested in a note published in the “ Analyst,” xxvi., 281, 
a copy of which I enclose. This note also contains a proposal for detection putrefactive changes 
which materially simplifies the usual procedure. 

With effluents derived from domestic sewage, or from sewage which, though containing trade 
waste, retains the character as a whole of domestic sewage, I am convinced no other test is re- 
quired. Any reference in such cases to either organic matter, or the rate of oxygen absorption, 
I should«regard as introducing merely corroborative tests previously referred to as best omitted. 
The rather theoretical objection that an effluent, though putrescible, may possibly be sterile, is 
readily met by a direction to suitably inoculate the sample ; but in practice this is effected by 
not cleaning the sample bottles between tests. 

In order, however, to meet all cases, I think it will be necessary to combine with the test for 
non-putrescibility certain others directed towards the detection of undesirable matters introduced 
with trade wastes of a kind likely either to inhibit bacterial action, or to injuriously affect the 
animal and vegetable life of streams. These tests will have particular reference to the presence 
of free acid, and of germicidal or poisonous matters in the effluent. 


{b) I am opposed to the association with the above test of another based on the rate of oxygen 
absorption, for the reason that speculative considerations are at once introduced, 
and in some cases conflicting results are certain to be obtained. 


(c) Absolute standards such as that of the Mersey and Irwell Joint Committee are, in my 
opinion, wanting in all essentials ; in fact, I would go further and say that nothing 
has so largely assisted in retarding the satisfactory solution of the sewage problem 
as the forced application of methods of analysis originally devised for the totally 
different purpose of determining the potability of water. The tests referred to are 
much {oo complicated. give most discordant results in the hands oi experienced 
observers, and, most important of all. entirely fail to distinguish between a dilute but 
putrescible sewage and a strong but perfectly innocuous effluent. 
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(7) The ratio of oxidised to unoxidised nitrogen is a test of totally different character, and 
could, I believe, be made a reliable indication of the condition of an effluent were 
the necessary data at our disposal. Even so, however, the uncertainty connected 
with the establishment of the required ratio, and the comparative complexity of the 
operations involved, render such a test markedly inferior to one which directly and 
in the simplest manner gives the desired information. rye 


3. I do not consider it advisable to complicate the incubator test with the, in my opinion, less 
satisfactory test of absorption of oxygen from surrounding water, partly on the general grounds 
noted above, but also for the special reason that the main point to be kept in view in this con- 
nection is not the affinity for oxygen of the effluent as produced, but as it will be during and after 
the prevalence of putrefactive changes, should these be possible. 


3a. Assuming that any such test is adopted I am inclined to think that a standard of 50 per 
cent. of the saturation quantity persisting after twenty-four hours is a reasonable one, my reason 
for saying so being that I have generally found that an effluent which on other grounds I have 
considered good has complied with this limit, though I cannot say that I have carried out any 
extensive research in this direction. 


(B). Effluents which may pass into a Drinking-water Stream. 


5. Whilst I am in favour of a standard for sewage effluents generally, I do not think that any 
useful modification can at present be suggested for effluents discharged into a source of drinking- 
water. 

I am satisfied that it would not be feasible to propose a standard that would ensure an effluent 
being perfectly safe as a beverage. The official recognition of any standard short of this would 
at once be used as an argument for, and would in some quarters be considered a justification 
of the admission of such sewage effluent as complied with it into water of this kind. I believe 
that in this way the danger which undoubtedly attaches to water supplies into which sewage or 
sewage effluent is admitted would be very much increased. It is, I think, generally recognised 
that it is at present impossible to ensure the absence of pathogenic organisms from effluents under 
all conditions ; it would very much weaken the effect of any legislative measures to include un- 
attainable standards, and in my opinion the best course is to continue the present practice of 
selecting water supplies as far as possible out of reach of sewage, whether treated or not, relying 
in less satisfactory cases on the most efficient treatment of the water immediately before its dis- 
tribution to the consumer. 


6. I think it may be possible, at least in some cases, thougn at considerable cost, to sterilise 
the dry weather effluent ; but I am satisfied that it is quite impossible to deal in this way with the 
wet weather flow at a time when the conditions are most dangerous. 

In reply to the last paragraph, it is undoubtedly easier to treat on a properly constructed filter, 
in which there is no danger of waterlogging, a larger quantity of dilute sewage than a smaller 
quantity of strong sewage, the organic matter being the same in both. This only applies in a 
limited degree to land and to such filters as become readily fully charged with liquid to the exclu- 
sion of air. But as long as the air supply remains good it is undoubtedly the case, and I think a 
reasonable explanation is found in the consideration that the quantity of dissolved oxygen capable 
of being brought into contact with each unit of oxidisable matter is directly in proportion to the 
amount of water in which that matter is dissolved or diffused. I have now had filters of the class 
referred to under observation for upwards of four years, and I have invariably found the most 
difficult time to secure a consistently good effluent to be during continued drought, when the sewage, 
though small in bulk, remains exceptionally concentrated for some length of time. 


FR, WaLuis STODDART. 


Enclosure to Mr. F. Wallis Stoddart’s Reply. 
“THE ANALYST,” NOVEMBER, 1901. 
THE INCUBATOR TEST FOR SEWAGE EFFLUENTS. 
By F, Waxuis Stoppart, F.I.C, 


The incubator test stands alone amongst the various means devised for determining the quality 
of a sewage effluent, in that it affords a direct and conclusive proof of conformity, or the reverse, 
with the requirements of the Rivers Pollution and Public Health Acts. Offences against these 
Acts, with the exception of the improper deposition of solids, are the result of putrefactive changes. 
The ordinary analysis of an effluent and its relation to dissolved oxygen afford valuable but only 
indirect evidence of its liability to putrefaction, the deductions drawn from the analytical data 
being further based upon premises not universally accepted, whilst the analysis itself is far too 
cumbrous a performancé to apply sufficiently often to give a reliable insight into the character 
of so variable a liquid as sewage effluents commonly are; the incubator test, on the other hand, 
goes at once to the root of the matter, can be applied to any reasonable number of samples, and 
gives results which require no further elaboration. . 

The method of carrying out this test is thus described in the “ Experts’ Report on Treatment 
o! Manchester Sewage ”: ‘“ A determination is first made of the oxygen absorbed from potassium 
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permanganate by the sample in three minutes. A bottle is then completely filled with the sample, Mr. F. 


and placed in the incubator at 80° F. for six or seven days. The three minutes’ oxygen absorption 
is then again determined. If any putrefaction has taken place, the oxygen absorbed in three 
minutes will exhibit a decided increase in amount owing to the more ready oxidizability of the 
eae of putrefaction, such as sulphuretted hydrogen, etc. On the other hand, if the sample 

eeps sweet, the three minutes’ oxygen absorption remains practically unchanged after incubation, 
or there will be a slight decrease owing to slight oxidation of the impurities which has taken place 
during the period of incubation at the expense of the nitrate or dissolved air present in the sample.” 

The test under these conditions is not entirely satisfactory, and does not distinguish with suffi- 
cient sharpness between good and bad effluents, as may be seen on reference to the Manchester 
report, in which the increase in oxygen absorption by unfiltered tank effluent rarely reaches 50 
per cent., and even the crude sewage occasionally shows complete stability. 

‘With the view of improving this test, and reducing, if possible, the length of incubation, I have 
carried out a number of experiments with sewage products of various kinds, and, chiefly by raising 
the temperature of incubation, have succeeded’ in so far emphasizing the distinction between 
putrescible and imputrescible liquids as to have arrived at a test which might well be adopted in 
connection with any future legislative measures. The liquid to be tested should be enclosed in 
well-stoppered bottles, which should be quite full. Mercury valves are objectionable, as the 
mercury is.attacked and fixes an appreciable amount of the sulphides formed in putrefaction. 
The incubating temperature should be 37° C., when much more active changes will ensue than at 
27° C., resulting in a much more copious production of reducing bodies. The bottle should be well 
shaken before the measured quantity is taken for the estimation of absorbed oxygen. 

With unfiltered tank effluent a marked increase in absorption is noted after three days, but the 
change is much more pronounced. at: the end of a week, and continues-for a considerably longer 
period. 

‘It is found that the formation of sulphide runs parallel with, and is no doubt the chief cause of, 
the increase in oxygen absorption ; this being so, the test may be still further simplified by substi- 
tuting the addition of lead solution for the permanganate process, and, if necessary, a colorimetric 
estimation may be made, for which purpose a solution of lead chloride will be found to be preferable 
to the usual acetate. or all practical purposes, however, a visible darkening on addition of the 
lead test after incubation for from three to six days is all that is required, and this is the form of 
criterion I should suggest for official purposes ; any effluent that will give evidence of putrescibility 
under the current test will be readily detected in this way. Indeed, the modified test is, if any- 
thing, too severe, and will be found to condemn many effluents which comply with the usual 
standards ; as, however, it is now possible by modern methods to continuously convert sewage 
into a liquid capable of passing the modified test at a single expenditure of a few shillings per head 
of population, no great injustice would be inflicted by its adoption. 

The following table illustrates the application of this test to unfiltered precipitation and septic 
effluents : . 


INCUBATOR TEST. 


Three Minutes’ Oxygen Absorption of Unfiltered Precipitation and Septic Efluents before and 
after Incubation at 37°C. in full Bottles. 








Length of Incubation 


i) 
in Days. 10. i 12, 


I 
oe 
ee) 


Fresh.| 1. 























Precipitation effluent - | 0°700 | 0-700 | 0-727 | 0952 | 1°30) 1:40 | 1-456 | 1-624 | 1°638 | 1°68 | 1°736 | 1-960 
Percentage increase -| — _— 12 36 86 100 | 108] 132] 1384 | 140 | .48} 180 








Septic effluent- + » | 0°560 | 0°560 | 0-694) 1°12} 1°68} 1°89} 1°994 | 2-036 | 2°13 | 2:156 | 2-268 | 2°436 
Percentage increase -]o— — 24 | 100 | 200 236-| 256 | 264} 280) 285 | 305 | 335 




















The formation of sulphide as indicated by the lead test is exactly parallel with the oxygen 


absorption. 

It would be anticipated on theoretical grounds that the septic product would be a more putres- 
cible and offensive liquid than the precipitation effluent, and that if treatment were limited to 
tank operations, as is even now sometimes suggested, chemical purification would be more effective 
than septic action alone. It is interesting to note the more copious and rapid production of oxi- 
dizable (and offensive) bodies in the much weaker septic effluent in the above table, a change which 


however, presents marked advaniages where the tank product is applied to the aerating filter now 


universally recommended. 
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Mr JOHN ©. THRESH, M.D., D.Sc., F.1.C., Meptca, Orricer oF HEALTH TO THE 


Essex County CouNCcIL. 


REPLY To QuEsTIONS BY Royal ComMissIon on SEwace DISPOSAL. 


Chelmsford. 
May 23rd, 1903 


1. I do not favour fixed standards of purity, but in Essex I have been compelled to give a 
temporary standard for the effluents flowing into the Roding and the Rom. Vode printed form 
enclosed. At the present time it is rare that an Essex effluent comes up to this standard. When 
the standard is reached then I shall try gradually to raise it, as I think better effluents should be 
obtainable. The only effluent which passes the standard is that from the Romford Sewage Farm. 


2. The printed form enclosed practically answers this question. I may add that my experience 
is that even the best sewage farm effluents encourage vegetable growths in streams when the 
effluent forms a fair proportion of the whole flow. 


3. The test devised by me is naturally the one I prefer. It gives me such results and with 
such ease that I have never cared to test any more recently-devised process. I recommend adding 
100 cc. of effluent to 400 ce. of water (tap), shaking vigorously for about five minutes in a 
Winchester. Then take half, and measure the dissolved oxygen therein. Allow other half to 
stand in the oxygen tube for 24 hours, and again estimate the dissolved oxygen. 


Some years ago I tried a number of effluents in this way, and came to the conclusion that the 
test was not of much, if of \any, value, as effluents which I regard as unsatisfactory chemically 
gave fairly good results tested in this way. The following are results recently obtained with 
effluents from Buckhurst Hill Sewage Works. :— 


Raw sewage - - - Oxygen absorbed in 24 hours per litre 67°5 mlgr. 
Septic tank effluent - — - , 43°2 


9 » 23 


Primary bed effluent - 21-0 


99 23 33 


Secondary bed effluent’ - 4:0 


3) 3. 39 


23 
ae 
The secondary bed effluent gives on analysis— 
Free ammonia -— - = a - - 2°40 grains per gallon. 
Organic ammonia -— - - - anes 
Oxygen absorbed -~ - - : - 114 
Nitric and nitrous nitrogen -~— - - 88 


23 ” 
99 9 


39 ” 


Nearly the whole of the free ammonia is capable of oxidation to nitric acid, as, by passing it 
through about 12 inches of polarite and sand which I keep in an “ active ” condition, I can in 
a few minutes effect this change. 


5. T have long ceased to make any careful determinations of the dissolved oxygen. A simple 


test of my own suffices, in my opinion, for practical purposes. I add to a sample collected in a ’ 
small, wide-mouthed, stoppered bottle a soloid of pyrogallic acid and one of caustic soda (these 
and bottle I carry in my pocket). By the depth of tint produced I can judge with sufficient 
accuracy as to the degree of oxygenation. 


4. My chief reason for opposing any definite standard is my ignorance as to what we may ulti- 
mately find is reasonably practicable in the way of purification. I hope that we may be able to 
affect far greater degrees of purification than is at present accomplished. Moreover, in Essex I 
eannot require so high a degree of purification for effluents flowing into tidal rivers already very 
foul as into the non-tidal portions or into inland streams. Moreover, when the Lea and Thames 


Conservancy pass such effluents as they apparently now regard as satisfactory, it is difficult for 
me to insist upon anything much better. 


5. I should certainly want a much higher standard of purity when the effluent is allowed to flow. 
into a river from which drinking water is obtained. In this case there should, if possible, bea 


bacteriological standard. I do not think, in the present state of my knowledge, that I should he 
justified even in suggesting a standard. 


_ 6. It certainly is possible to sterilise sewage, but the only way in which I have seen it done 
is at Liernur’s works at Trouville, where the effluent is distilled water. 


With reference to the action of land on weak or strong sewage I have made no experiments, : 
Lut from my observations of sewage farms I should say that with proper management it would be 


m ich easier to treat on a given area of land a small volume of strong sewage than a large volume 
of weak sewage. 


Joun C. THRESH, 
M.O.H., Essex County Council. 
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Enclosure to Dr. Thresh’s Reply. 
Essex County Councit, 
ANALYSES OF SEWAGE EFFLUENTS AND RIvER WATERS. 
Votes to assist in the Interpretation of Results, so far as they refer to Sewage Effluents. 


Cclour.—A good effluent should have no appreciable colour when viewed in a column three inches 
in depth. 


Odour.—A good effluent should heve no offensive odour even after being kept for several days in 
a warm place (98° F.) 


Turbidity-—This is expressed in degrees varying from 0 to 100. 0 represents perfect fzeedom 
from suspended matter. A liquid with a turbidity of 100 contains so much suspended matter 
that a column half an inch in thickness entirely obscures black lines on white paper. A 
satisfactory sewage effluent should not have a turbidity exceeding 10°. 


Degree of Oxygenation. Raw sewage contains no free oxygen. An effluent fully saturated has 
a degree of oxygenation expressed by 10. The more nearly an effluent is saturated the better 
its quality. 


Chlorine.— Usually the amount of chlorine present (in combination as sodium chloride) gives some 
indication of the strength of the sewage, but in districts where the chlorides in the public 
water supplies vary in quantity, or where chlorides are added to the sewage, the amount 
present has little significance. 


Nitrogen as Nitrates and Nitrites.-—Bacterial purification of sewage results in the formation of 
nitrites and nitrates. The more efficient the purification the greater the amount of these 
substances in the effluent. 


Free and Albuminoid Ammonia.—The lower the figures for the ammonias, the better the effluent. 
A fairly good effluent should not yield more than °10 grain of albuminoid ammonia per gallon, 


Oxygen Absorbed.—The smaller the amount of oxygen required to oxidize the organic and other 
matters the better the effluent. After keeping, the oxygen absorbed should not increase, 
After three hours the oxygen absorbed should not exceed 1:0 gsain per gallon. 


Dr. Thresh 
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Mr. A, H, VALENTINE,, M.Sc., Chemist to the OtpHAM CorPorRATIoN, 
(First Letter.) 


Laboravory : Hoxdenton Lane, Hollinwood, 
— Oldham, 


July 24th, 1903, 
Dear Sir, 


You must excuse my apparent remissness in not replying to your circular letter of May 


last. I did intend, however, writing you, explaining my position as to the evidence I could bring | 


forward on the points raised in the circular; but I allowed the matter to fall ntoaheyanre for 
reasons which follow. 


I have been only a short time, comparatively speaking, at Oldham, and though 1 am gradually 
accumulating data on which to base definite opinions, yet I am afraid the work up to date is not 
exhaustive enough to enable me to formulate such. I hope that it may be possible, within two 
or three months, to let you have a full and concise answer to the circular. ; 


In the meantime, I beg to tender my general opinion on the points raised, That, 1 am afraid, | 


swill not be of any great value, and will be practically no help to the Commission, 


T am in favour of some fixed standard of purity, fixed, that is, in reference to the particular 
“Sewage in question. As to the principles upon which this standard should be based, I have not 
~yet made up my mind, 


At present I am doing experiments which I trust will enable me to answer questions’ 3 and 3a. 


At Oldham, as you know, we are not concerned in attempting to produce an effluent which 
-would be fit to turn into a stream from which drinking water is obtained. Yet it seems obvious: 
that a much higher standard is required for such effluents. The amount of albuminoid nitrogem 
should be almost at vanishing point, and what nitrogen there: is should be either in the form off 
nitrates or of elementary nitrogen. This would show, at any rate, efficient filtration. Phe greatest: 
factor, in my opinion, is that of dilution ; 80 that where the sewage of a large: population has to 


be treated, it would seen impossible to consider the advisability of running'the filtered: efluent — 


into any running stream of drinkable water unless the stream, reckoned by sts: daily: flew past a 
certain point, be of much greater volume (by multiple) that the daily flow of filtered: effluent : 
and, in any case, a final filtraton or straining through sand! or other fine material would: seem 
hecessary. This, however, is a matter more concerning. the bacteriologist tham the: chersist, 


I have no grounds for thinking that it would be possible to stenilise sewage. Ftiseems inapossible 
to consider the idea with regard to the Sewage of a large pepulation. I do met know tiat it is 
possible to obtain absclut: sterilisation in a large wolume of water, and, if it were: possi tes. how 
long the water would 1emain sterile to all forms of bacteria. Of course, I bear in: mind also the 
great expense involved in producing sterility by chemical means, 


T hope to be able to say something later upon the rider immediately above yeur name. 


Tn conclusion, 1 hope you will excuse me when I say how utterly impossible it seems to degmatise 
upon the many difficult points raised in the circular. E hope, however, to be a’le-to narmew down 
my opinions: by the time I write next. ; 

Yours faithfully,. 
= ‘ A. HE. VaLenrine. 
F, J. Willis, Esq., ) 
Secretary, Royal Commission on S:waye Disposal 





(Second Letter.) 


THE OLDHAM CORPORATION. 
Sewage Works: Fexdenton Lane, Hollinwood, Oldham, 
October 10th, 1903. 


Re Circu'ar Letter on “Standards.” 


F, J. Willis, Esq., Secretary, . 
Royal Commission on Sewage Disposal. 


Sir, : ( 
I beg to forward my ahewers upon the questions put me in the Circular, May, 1903. 


As regards the question dealing with fixed standards of purity, I am afraid that I must 


modify the opinion previously expressed by me when I wrote last July. I have performed a 


very good number of analyses, determining the “4 hrs. O. absorption,” “the absorption of 
dissolved O. from aerated water,” the oxidised N., ammoniacal N., and ‘‘albuminoid ” N, ; After 
careful revision of the numbers and quantities thus obtained, I confess that I see no relationship 
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beween any two sets of determinations that would lead me to state any fixed standard of purity Mr. A. H. 
dependable up: n figures. On the other hand, the only reliable test for effluents running into a Valentine. 
non-drinking water stream seems to be that of incubation. And as a matter of fact, the whole 
question of river and stream pollution appears to depend upon the superficial observation of the 
general public upon the special characteristics of the appearance and odour of the waters of a 
stream. No doubt there can be, however, that a systematic determination of the various 
“elements” in waters exercises a fairly secure check upon filtered effluents in the hands of the 
chemist, etc., placed in charge of a sewage works. 





With reference to a standard based upon the amount of O. absorbed from KMnO, during 
four hours, I have had effluent from filters which have taken up less than one grain per gallon of 
O., and yet have become putrescent in the incubator; and on the other hand, there have been 
filtrates which have taken up more than two grains per gallon, but have remained “ sweet” in 
the incubator. Similar observations with reference to the amount of ‘“ albuminoid” N. have 
been made. 


It seems possible, however, to apply a fixed standard based upon the four hours test where 
a purely domestic and fairly constant sewage is concerned, such as one might get from large 
villages and small towns. And certainly, the provisional standard of the Mersey and Irwell 
Joint Committee do.s not seem too harsh for such cases, But to apply the same rigid standard 
to a sewage which receives a fair quantity of adventitious (as regards time) trade effluent seems 
manifestly unfair. It would be sufficient that the filtered effluent from such a sewage should 
pass satisfactorily the incubator test. 


If I remember rightly, you have already received my opinions upon the other points raised 
in the circular. 


_ As for the enquiry “whether it is easier to treat on a given area cf land or filter a smalf 
volume of strong sewage or a larger volume of a weak sewage, the total amount of organic 
matter in each volume being equal,” my limited observations lead me to the conclusion that it is 
easier within limits to treat the larger volume of the weak sewage. Not only does the 
percentage purification become greater, but there is a very great tendency for the filtered 
effluents to remain non-putrescent in the incubator, where the ¢ffluent from the strong 
sewage would probably become putrescent. 
I remain, 
Yours sincerely, 
A. H. VALENTINE, M.Sc: 


Drs 
Maclean 
Wilson, 
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Dr. H. MACLEAN WILSON, M.D., B.Sc., Cuter Inspector to tHe West RipiNa oF 
YORKSHIRE RIveRS Boarp. 


REPLIES TO QUESTIONS ON STANDARDS FOR SEWAGE EFFLUENTS, 


(A). Effluents which will pass into a Non-drinking-water Stream. 

1. No. 

2 (a). This is a basis much too narrow. There is, moreover, no evidence, so far as I know, 
to show the effect of an efficent which may be non-putrescible on incubation upon a 
stream into which it is discharged in a large quantity. 

(b). This basis is a little vider and more definite than the last, but is not sufficiently so. 

(c). I do not consider the standard is sufficiently high as a fixed standard, nor that it takes 
into consideration a sufficient number of factors. Many effluents from sewage farms 
are so good that they do not absorb more than 0:5 parts per 100,000 of oxygen 
in four hours at 80° F., and they do notcontain more than 0:05 of albuminoid 
nitrogen, and i, is quite possible for sewage to be so purified regularly and continuously 
so that these figures in the effluents are not more than doubled. The amount of 
nitrates present should be taken into consideration as evidence of the extent to which 
,purification has progressed, and as forming a factor in the further purification, and 
the amount of dissolved oxygen in the effluent should also be considered as showing 
to some extent what effect the effluent will have upon a stream. With a knowledge 
of these four figures: the oxygen absorbed, the albuminoid nitrogen, the nitrates, 
and the dissolved oxygen, a well-founded opinion can be given as to the probable 
result of an effluent upon a stream. 

(d). While these ratios have some value as a guide to the purity of an effluent, they are by 
no means sufficient. 

With regard to the suggestion that the residual organic matter in an effluent derived 
from strong sewage is less fermentable, a standard based on the four figures mentioned 
above would not be effected by this. 

While the effect of an effluent upon the bed of a stream is of the rnost serious import- 
ance, it is not possible to base any standard upon it in the present state of our know- 
ledge. I would suggest, however, that the presence of a growth of the ordinary grey 
offensive sewage fungus upon the bed of a stream should be taken as definite evidence 
that the effluent is not satisfactory. 

3 and 3a. Sufficient data have not yet been obtained to warrant a standard being based upon these, 

4. A definite standard is, I believe, impracticable and inadvisable ; impracticable, because, 

for example, it is impossible for a district with a peculiarly strong Sewage or with peculiar diffi- 
culties in the way of sewage treatment to produce an effluent such as is easily attained by a district 
with an ordinary domestic sewage and with ample means for its purification. Moreover, it would 
be absurd to ask that a sewage effluent to be discharged into a navigable stream of large volume 
should be quite as pure as one to be discharged into a pure upland stream of small flow, and thus 
at once considerations of the circumstances of a place and of the nature of the stream into which 
the effluent is to be discharged must arise ; inadvisable, because a fixed legal standard, unless 
fixed so high as to be discouraging to, and at present practically unattainable by, many large 
communities would only hamper the progress of sewage purification. 


(B.) Effluents which may pass into a Drinking-water Stream. 

5. As according to present knowledge it seems quite impracticable to purify sewage so as to 
free it from pathogenic germs, the water of a stream into which sewage effluents have passed 
should not be used for drinking purposes. 

With reference to the statement that the Commission are advised that the state of thestream 
cannot iawfully be taken into account in considering whether an effluent infringes the provisions 
of the Rivers Pollution Prevention Acts, the following judgment in the High Court of Justice, 
King’s Bench Division, before the Lord Chief Justice of England (Lord Alverstone), Mr. Justice 
Darling, and Mr. Justice Channell, Hainsworth v. The West Riding of Yorkshire Rivers Board, 
25th February, 1902, may be of interest. 

Mr. Justice Dariine :—“I am of the same opinion. It was first of all argued by Mr. Mac- 
morran that the matter which went in from this factory was not polluting liquid. He admitted, 
and it is stated in the evidence which he read, that if it were put into a pure stream it must be 
considered a polluting liquid, but it is said it is not a polluting liquid here because the stream 
already contained so much similar matter, or worse matter. It seems te me that in order to find 
out whether that is the intention of Section 9 we must look at what the Act was intended to do, 
and if I turn to the recital in the preamble I find this ; ‘ Whereas the filthy and polluted condition 
of the said rivers, or parts thereof, and their tributaries urgently requires improvement.’ So 
that what they were aiming at obviously was to get this stream back to its pristine and original 
condition, if possible, or, as My Lord says, towards it. 

‘Then we ought to look at it, it seems to me, somewhat as if you want to find out what is a 
polluting thing, looking at it as a natural stream flowing with natural water. If you look at it 
in that way this was a polluting matter, and I think that, although it was not so bad as some of 
the other polluting matters—and as to some of them it may have been remedied against them— 
the object of the Statute is to get rid of them all—every one—and you cannot say you shall begin 
at the top of the streamybut you must not begin at the bottom. I think you may begin anywhere, 
pi any of them as polluting matters if it interferes with what was the original character 
ot the stream,” 

The comparison between the ease of treatment of a small volume of strong sewage or a larger 
volume of weak sewage of a given area of land or filter is not a subject to which I have paid any 
particular attention. H. Mactean Wizson, 


W.R. Yorks Rivers Board. 
22nd June, 1903. 


Chief Inspector, 
SS Se ee ee 
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ADDENDA. Dr. Adeney. 


- Enclosure I. to Dr, Adeney’s Peply. 


THE CouRSE AND NATURE OF FERMENTATIVE CHANGES IN NATURAL AND POLLUTED WATERS, 
AND IN ARTIFICIAL SOLUTIONS, AS INDICATED BY THE COMPOSITION OF THE DISSOLVED 
Gases. (Parts I, IZ, anp IIL) By Dr. W. E. Apgnzy, Assoc. R.C.Sc.1, F.LC., 
CURATOR AND Ex-EXAMINER IN CHEMISTRY IN THE RoyaL University, IRELAND. 
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INTRODUCTION. 


It is, I believe, now generally accepted that the organic matters which, by one means 
or another find their way into surface waters, are oxidised, and eventually reduced to simple 
substances by the operations of micro-organisms, and not by mere chemical changes independent 
of them. To these operations the term “fermentation” is usually applied. 


This explanation rests chiefly on the results of bacteriological research, and especially upon 
the fact that the germs of these micro-organisms are present, practically, everywhere—in the air, 
in water, and in ordinary soil; and that they require but the necessary pabulum, such as refuse 
animal or vegetable matters, in a neutral or slightly alkaline medium, for rapid growth and 
multiplication. 


The importance, from the chemist’s point of view, of the recognition of the true agencies at 
work in setting up processes of oxidation in natural and polluted waters, does not appear to have 
been sufficiently realized. 


It suggests at once the possibility of classifying the organic matters to be met with in natural 
and polluted waters into two classes, viz., fermentable and non-fermentable, and of differentiatin 
the one from the other when present in the same water,* ry 


We know that some of the organic matters found in natural waters either do not. ferment at 
all, or do so with difficulty, such as peaty colouring matters and the organic matters found in 
good well and spring waters. Of a like character, also, are those which are found in sewage- 
water after they have undergone complete fermentation under aerobic conditions, such as obtain 
during slow filtration through sand or soil. 


Amongst the fermentable matters may probably be included most, if not all, known organic 
substances, with the exception of antiseptics. Dr.’ Munro has shown, in his interesting and. 
suggestive paper on “The Formation and Destruction of Nitrates and Nitrites in Artificial 
Solutions and in River and Well Waters,” + that not only are such simple bodies as acetates and 
oxalates attacked by the organisms usually present, in soil and water, but also such unlikely 
substances as ethylamine, cyanides, thiocyanates, and he concludes that it would be difficult 
to make out a list of known organic compounds whieh are not fermentable under these 
conditions. ; 


One of the most obvious results of the fermentation of small quantities of an organic 
substance in fully aerated water would, no doubt, be an absorption of the dissolved atmospheric 
oxygen therein, and an evolution of carbon dioxide; and if the water were preserved during 
fermentation under conditions such that gases could neither escape from, nor gain access to it, 
these results would also be the most easily detected by chemical means, 


A few tentative experiments carried out on the lines here suggested showed very distinctly 
that the above view was correct, and that even relatively minute quantities of fermentable matters 
sich as fresh sewage, when mixed with good river water, soon indicated their presence by 
causing an absorption of dissolved oxygen, and an evolution of carbon dioxide. 


These experiments satisfied me that the consumption of oxygen and the formation of carbor 
dioxile, which must occur during the fermentation of small quantities of organic matters in a 
water, when taken together, provided a most delicate indication of the presence of such matters in 
a water. 


But little consideration, however, was necessary to lead one to anticipate that a method of 
inquiry, based upon the determination of the changes in composition of the dissolved gases, would 
lead to much more definite results, especially when coupled with the determination of the 
inorganic nitrogenous products of the fermentation—such fermentation to be conducted under 
suitable conditions. ; 


In explanation of my. meaning, I would refer to the more recent researches on nitrification. 


Dr. Munro,{ Dr. P. F. Frankland,§ and Mr. Warington,|| have all demonstrated that the 
fermentation of ammonia to nitrous acid may occur in inorganic solutions to which no organic 
matters have been added. M. Winogradsky** has extended these observations, and has not only 
shown that a nitrous fermentation proceeds when organic matters are rigorously excluded from 
the cultivating inorganic solutions, but he has also demonstrated that organic matters are 
formed from inorganic materials at the same time, the first step in their formation possibly being, 
as suggested by him, the production of an amide from ammonium carbonate. 


We find, moreover, abundant evidence given in Munro’s Paper, that unfermented non-nitro- 
genous organic matter is positively prejudicial to nitrification, and that, if present with ammonium 











——— 


* It is due to Dr. Dupré to make reference in connection with this point to a short Paper by him 
entitled—“ On Changes in Aeration of Water, as indicating the Nature of the Impurities present in it,” and 
published in the Report of the Medical Officer to the Local Government Board, 1884. 

+ “Chem. Soc. Journ.,’ vol. 49, p. 677 See also p. 651, 

{ Joc. cit., p. 653. 

Ses Phils Dranss aisle pal Ose 

| ‘Chem. Soc. Journ.,” 59, p. 484. 

** «* Annales de l’Institute Pasteur,” vol. iv., pp. 213, 257, 769 ; vol. v., pp. 92, 577. 
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salts in a water containing soil or water organisms, they undergo fermentative changes before Dr, Adene 


nitrification sets in. 


We have evidence also from the same author’s Paper that the nitrification by soil organisms 
of nitrogenous substances, with no added ammonium compounds, follows a similar course.. A putrid 
bacterial fermentation first takes place, during which nearly the whole of the organic nitrogen is 
converted into ammonia, and this ammonia apparently only begins to undergo nitrification after 
the first fermentation of the organic matter originally present has been completed. 


If, then, the nitrification, by the mixed organisms which ordinarily occur in soils and natural 
waters, of organic substances containing nitrogen, or mixtures of these containing no nitrogen with 
ammonium compounds, takes place in two distinct stages as above indicated, it is probable that 
accurate determinations of the more obvious products of each stage of fermentation, viz., carbonic 
dioxide and possibly ammonia in the one ; and of carbonic dioxide (if any be formed) and nitrous 
and nitric acids in the other, together with accurate determinations of the free oxygen consumed 
during both stages, would afford data for estimating the actual quantity of fermentable matters 
present in polluted water with sufficient accuracy for the purpose of water analysis. 


Such a method of examination as here suggested promised results of a most definite character 
and of especial value for the examination of polluted drainage waters, in that they would probably 
afford the means of accurately estimating the quantity of such water which could be safely 
allowed to drain into a river or stream of a given size, and would thereby lead to the possibility 
of formulating exact practical standards of impurity for drainage waters, which standards could 
be graduated according to local conditions of volume and flow of the streams. 


_ The method of examination which I have sketched was, however, open to possible objections, 
which could only be answered one way or the other by a full experimental investigation. For 
instance, a water under examination would always contain mixed organisms, and the selective 
chemical. functions of these might vary to such an extent that in no two experiments. with the 
same water would s'milar values for the products formed, or oxygen consumed, be obtained... It 
might further be objected that a given result was due to the accidental presence of a particular 
organism. 


There were, however, good reasons for believing that, if precautions were taken to experiment 
under certain conditions, as regards the relative quantities of fermentable matters, and of dissolyed 
oxygen, the growth of similar sets of organisms, so far as chemical functions are concerned, would 
be encouraged, and that the products obtained thereby would be very similar in chemical 
characters. 


The actual quantity of carbon dioxide, and no doubt cf nitric acid, but probably to a more 
limited extent, formed relatively to the qnantity of oxygen consumed during fermentation of 
similar volumes of different polluted waters, would no doubt vary with the composition of the 
organic matters originally present in them. But, for the purpose of water analysis, this would 
not affect the value of the quantity of oxygen consumed, as a quantitative index of the amount 
of the fermentable matters originally present, since this quantity would probably exactly represent 
that which a similar volume of the same water would require when discharged into a natural 
watercourse. 


It must be remembered, too, that, by the complete fermentation under aerobic conditions of 
organic matters in an ordinary water, much the greater proportion of the organic carbon and 
organic and ammoniacal nitrogen undergo complete oxidation to carbon dioxide and nitric acid 
respectively, and only a very small proportion of either of these constituents remains, fixed as 
fermented organic matters, and that variation in fermentative products due to selective chemical 
action of the mixed organisms present would probably be shewn most prominently in the last 

_ mentioned products, viz., the fermented organic matters. 


With these considerations in mind, I commenced a series of experiments as long back as the 
autumn of 1891. The slowness, however, of some of the fermentative processes under observa- 
tion, combined with long-continued interruptions in the course of the work by other duties, has 
hitherto prevented my being in a position to publish any results. The scope of the investigation 
has also widened, and very many points have arisen and demanded experimental study, which 
were not anticipated at the commencement of the work. Even now, I cannot claim to have 
finished the investigation of many of these points. 


My experiments, however, in so far as the original object of the investigation is concerned, 
have now reached a sufficiently advanced stage, I think, to render any further delay in publica- 
tion undesirable. I therefore propose, in this communication, to deal with such experiments as 
bear directly on the question with which I started this investigation, viz., whether the amount of 
the dissolved oaygen consumed during the complete fermentation of a polluted water might not be regarded, 
for the purpose of water analysis, as a quantitative inde to the amount of fermentable substances originally 
‘present in it, provided that during the process care is taken to have the oxygen im excess im the water. 
‘And, further, whether it might not be possible to separa‘ely estimate the volume of dissolved 
oxygen consumed during each of the two distinct stages in which 1t is supposed the nitrification 
of organic matter takes place, I say supposed advisedly, because 1t cannot be regarded as having 
been experimentally proved that the nitrification of nitrogenous organic substances, or of non- 
nitrogenous organic substances mixed with ammonium compounds, really takes place in two stages 
except when the fermentation is carried on under partially aérobic and partially anaérobic conditions. 
There can be little doubt, for exampie, that in Munro’s* experiment on the nitrification of 
gelatine, in which, during the earlier stages of fermentation, he noticed putrefactive products and 
the formation of ammonia, free oxygen must have been entirely absent from the lower layers of 
the solution he employed, judging from its strength. 





* Loc. cit., p. 641. 
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It cannot be taken for granted, therefore, that the oxidation by fermentation of gelatine, or 
other nitrogenous substance, in the continued presence of an excess of free oxygen, would be 
“ progressive,” as above described, rather than “ complete from the commencement.’* 


I may, however, anticipate in this particular, the experiments which I have to describe, and 
state that they all go to show that the fermentation of such bodies by the mixed organisms 
of soils and waters takes place in two perfectly distinct stages, even in the continued presence of 
free oxygen, and that in the first stage the organic substance is simply broken down, the 
carbon and nitrogen, if present, being converted largely into carbon dioxide and ammonia, a 
small quantity of organic matter, however, remaining as such, but in an altered form ; ‘that in the 
second stage the ammonia is oxidized to nitrous or nitric acids, or both, and that, at the same 
time, the organic matters resulting from the first stage may be partially or completely oxidized, 
carbon dioxide and possibly nitric acid being formed; also that the second stage does not 
commence until the completion of the first. I shall call these two “first” and “second ” stages 
of fermentation for want of better terms; new terms are, in fact, wanted to describe them 
properly. My friend, Dr. E. A. Letts, has suggested to me a term which seems to be very 
suitable for the first, viz., bacteriolysis. 


METHOD OF EXPERIMENTING. 


In considering this question, three conditions which the method adopted would be required 
to fulfil, had to be borne in mind :— 


1. It should not be possible for any gas during an experiment to gain access to, or egress 
from, the vessel in which the experiment was to be carried on. 


2. It should be possible to easily and accurately regulate the quantities of dissolved oxygen 
and of fermentable matters relatively to one another-in a liquid to be examined, so that the 
former should be in excess of the latter, or vice versa, just as required. 


3, The external conditions of a liquid during fermentation should be similar in all respects, 
and such as to ensure as far as practically possible that every part of the liquid throughout its 
mass should be chemically similar at any interval of time during the continuation of the experi- 
ment, tT 


These necessary conditions made it impossible for me to use the method of liquid cultiva- 
tions, as commonly employed by bacteriologists, viz., nutrient liquid media, in which the relative 
quantities of fermentable matters and dissolved oxygen are not specially regulated, and which are 
kept in bottles or in flasks, which they only partially fill. 


With such a method it would be quite possible, as bacteriologists have generally observed, to have 
a fermentation in the continued presence of an excess of atmospheric oxygen proceeding in the por- 
tions of the liquid immediately adjoining the surface exposed to the air in the vessel in which it was 
kept, and at the same time a fermentation in the practically complete absence of dissolved oxygen 
in the lower portions of the liquid. The only possible way of ensuring the third condition above 
stated, was to keep the water or liquid under observation in bottles completely filled and carefully 
closed with glass stoppers. The difficulties to be anticipated in practically carrying this out 
were those which would certainly arise with unavoidable alterations of the temperature of the 
liquid during the continuance of the experiment. With fall of temperature, there would be a 
tendency to draw air into the bottle, and with a rise there would be a tendency to expel a portion 
of the liquid from it, while with both rise and fall of temperature, there might be a disengage- 
ment, and possibly, in consequence, a loss of dissolved gases. 


I found, however, that by keeping the bottles immersed, neck downwards, in distilled water, 
in large glass vessels which were covered with glass plates, and by exposing them to a tempera- 
ture as equable as possible, that these difficulties could be overcome to such an extent that they 
could not give rise to errors sufficiently large to materially affect the results. 


I shall again refer to this subject when dealing generally with the probable errors of the 
experimental results. 


The foregoing consideration of the third necessary condition to be established in my method 
of experimenting has, it will be observed, included the first. There remains now for discussion 
the second condition. 


For the purpose of this Paper it was of chief importance to observe the products of fermenta- 
tion which had been carried on in the continued presence of an excess of oxygen. relatively to the 
quantity of matter to be fermented. 


It was also of importance to determine whether the complete fermentation, on the one hand, 
of the nitrogenous organic matters, and, on the other hand, of non-nitrogenous organic matters 
mixed with ammonium compounds, into carbon dioxide, water, and nitrous or nitric acids, in 
the continued presence of an excess of oxygen, was complete from the commencement or was 
progressive. 


To effect these purposes, I adopted the general plan of commencing with strong solutions of 
sewage-waters, or of fresh peat, or of organic and inorganic substances of known strength and 
composition, in which the quantities of fermentable matters were in decided excess, relatively, to 
the quantity of tantvek atmospheric oxygen present, and then of making a series of gradually 
increasing dilutions with good tap-water, or, when necessary, with distilled water, such that the 
conditions should gradually become reversed, the dissolved oxygen in the higher dilutions 








* See Schiitzenberger on ‘‘ Fermentation,” p, 244. International Scientific Series, 1891. 
t In connection with this point, see Dr. P. F. Frankland and Mr. Frew’s ver interesting experiments. 
described in their Paper on ‘‘ A Pure Fermentation of Mannitol and Dulcitol.”—C. 8. J -, 61 p. 254. 
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becoming predominant in quantity.. By this means I hoped to obtain results which would p,, Adeney. 
quantitatively indicate the changes resulting from the fermentation of various fermentable matters 
under gradually varying condition from that in which the fermentable matters were in excess to 
that in which the dissolved oxygen was in excess. 


One further general condition which had to be attended to in all the experiments need 
scarcely be mentioned ; it was to make provision for keeping the liquids under opservation in a 
slightly alkaline condition during fermentation. This was invariably done by adding, when 
necessary, very small quantities of pure dry sodium carbonate, which consisted partly of the 
normal carbonate and partly of the bicarbonate. When experimenting with sewage-water, it was 
found to be quite unnecessary to add any of this or other mineral substances. All the solutions 
were kept in the dark during fermentation. t 





APPARATUS EMPLOYED. 


The bottles [ have employed for preserving the waters or solutions under experiment, out of 
contact with air, have been made in two forms: one, the ordinary bottle-form with short necks ; 
the other of flask form, with long, somewhat narrow necks. Both forms have been made of stout 
glass with very carefully ground stoppers. The capacity of the bottles has varied, according to 
circumstances, from about 300 ¢.cs. to 2,500 c.cs. 


As before stated, the bottles, when filled, were carefully stoppered so as to leave not a trace 
of air bubble in them. To avoid the possibility of small quantities of air passing into them 
between the neck and the stopper, they have been kept neck downwards immersed in distilled 
water. Under these circumstances, a little distilled water might be drawn into the bottles, or a 
little solution expelled from them, but not in sufficient quantity to introduce material error, 
provided the temperature of their contents was not allowed to vary much. When, from any 
cause, such as considerable variation of temperature, or the formation of gaseous products, other 
than carbon dioxide, during fermentation, disengagement of gas during the course of an experiment 
was to be anticipated, such gas would remain in the bottle, since this latter was kept neck down- 
wards, and some liquid would be expelled from it between the neck and the stopper. It would 
be necessary, of course, to collect this gas, and separately measure and analyse it. To meet this 
special case, the flask-shaped bottles, with long narrow necks mentioned above, were employed. 
The neck of each bottle was graduated from the bottom of the stopper downwards, as follows: 
the bottle was completely filled with water, and the stopper firmly inserted ; the stopper was then 
carefully taken out, and the height of the water was marked on the neck with a diamond as zero, 
the graduation was then proceeded with by withdrawing the water half a cubic centimetre at a 
time, and marking on the neck the height of the water as each half c.c. was withdrawn. The 
neck being graduated in this way, it was possible to note immediately before displacing the 
disengaged gas, which was done over distilled water, the volume of water which would enter the 
flask and become mixed with its contents; the capacity of the flask, with the stopper inserted, 
and the composition of the gases dissolved in the distilled water being known, it was in this way 
possible to calculate and correct for the error which the admission of the distilled water 
into the flask would introduce in the estimation of the dissolved gases in the liquid under 
experiment. 


The form of apparatus which I have used for extracting the dissolved gases, measuring and 
analysing them, is shown in the accompanying drawing. It consists of a mercury-pump combined 
with a gas analysis apparatus, and can be used for all three operations required in the 
examination of the gases dissolved in liquids, viz., for their extraction, measurement, and 
complete analysis. The remaining parts of the apparatus which are shown in the sketch consists 
of a Liebig’s condenser of glass, and a round-bottomed stout glass flask with a side tube from the 
nsck.* 

The flask, which for convenience of reference I propose to name the laboratory flask, is made 
of sufficiently stout glass to bear a vacuum. The only points of importance, so far as shape is 
concerned, are that it must be round-bottomed, and that the neck must be somewhat long and 
tapering to allow of the short india-rubber cork, by which the inner tube of the condenser is 
packed air-tight into it, fitting sufficiently deep down to leave a space above itself for a water or 
mercury luting. 

The capacity of the flask should be about four times the volume of liquid to be boiled in it. 
It is convenient to have two sizes, viz., 1,500 ¢.c.s., and 2,500 c.c.s. 


The laboratory flask is employed for conducting the necessary operation of boiling the liquid 
under examination in vacuo, for the extraction of the gases dissolved in it. Since the condenser 
to which it is attached cools down, and condenses the aqueous vapour given off during the process 
of boiling, the liquid may be heated to violent ebullition continuously for any required length of 
time without fear of unduly raising the pressure of the vapour and gases in the flask. 


The gas analysis apparatus proper, shown in the drawing, is an improved form of that_which 
I have already described in a Paper, published in the “ Scientific Proceedings of the Royal Dublin 
Society.”+ ‘To that Paper I would refer for a more complete description of the principles of the 
apparatus and its applicability to other operations than that here described. 

In this Paper I will only give a short description of the apparatus shown in the drawing 
sufficient to explain the improvements which have been made on the older form, and to render 
intelligible the use of the apparatus for the purposes of this research. 


- 





* The glass parts of the apparatus were obtained from Messrs. Baird and Tatlock, of Glasgow and 
London. 

+ “Qn an Apparatus Applicable for Gas Analysis and Other Purposes.”—Scien, Proc. R.D.S., vol. vi., 
pt. IX., p 555 (1890). Reprinted in the “‘ Chem. News,” 62 pp. 196--199, and 204--206. 
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Its essential parts are a gas burette and laboratory vessel, differing in many respects in form 
and use from those generally employed in other forms of gas-analysis apparatus, and a long 
pressure-tube provided at its upper end with a Friedrich’s patent glass stopcock. . 


The form of the burette is exactly similar to that employed in my older apparatus. It is 
contracted at its lower end, and passed through a hole cut in the centre of the indiarubber bung 
which closes the lower end of the glass cylinder, enveloping the burette, and which thus provides 
a means of keeping the burette surrounded with a water-jacket. It is then bent at right angles, 
and joined to the pressure tube by indiarubber tubing lined with canvas, and tightly wired to 
the glass tubes. The bottom of the cylinder, the joint and bent portions of the burette and 
pressure-tube sit in a trough cut out, and suitably shaped from a piece of solid mahogany, and 
which, during work, is kept filled with mercury to protect the indiarubber joint from the air. 


The way in which the glass cylinder, burette and pressure-tube are supported is indicated in 
the drawing, but this will be more clearly understood from the drawing of the older form of the 
apparatus. 


The supply of mercury to the burette and pressure-tube is regulated by means of a reservoir, 
which rests in a wooden box, suspended by a catgut line, and capable of moving freely from the 
top of the apparatus to the floor. It is prevented from swinging by a grooved guide fixed to the 
back of the apparatus, in the grooves of which slide corresponding portions of the box. The 
catgut line passes over the necessary lead pulleys to the windlass mentioned below. 


The reservoir box can be raised or lowered by a small winch or windlass fixed in front of the 
apparatus, as shown in the drawing, and fixed at any point by the rachet cut on one side of the 
winch drum. The flexible tube from the reservoir passes through a’ hole, cut in the wooden 
upright supporting the apparatus, at a point just below the level of the side branch from the 
pressure-tube, and is attached thereto. ; 


It is essential that the flexible tube from the reservoir should be attached to the pressure- 
tube, and not directly to the burette, because, when the reservoir is kept for any length of time 
at a lower level than that of the bottom of the burette—and this is constantly necessary when 
employing the apparatus\asa vacuum pump, or when measuring gases under very low 
pressure—there is a tendency for air to diffuse through the indiarubber tube. With this 
arrangement, if an appreciable quantity of air does thus diffuse during an experiment, it passes 
up into the pressure tube when the reservoir is raised, and can be driven out when necessary 
through the stopcock at its upper extremity, without in any way affecting the experiment; as a 
precaution against the air being carried round into the burette by the inflowing mercury, the 
pressure-tube is expanded considerably where the side tube is attached to it, as shown in the 
drawing. 


The upper end of the burette is provided with a Friedrich’s patent two-way stop cock, by 
means of which communication with the laboratory flask, or a laboratory vessel, to which it is 
connected by the branch tubes shown in the drawing, can be opened or closed at will. 


The upper branch tube leading to the condenser and flask is 3 mm. bore ; the lower branch 
is a capillary tube. 


The two branch tubes are held against a wooden block, shown in the drawing, in cork-lined 
grooves, by a brass plate, also cork lined, and screwed to the block. The grooves are made 
sufficient in width to allow of considerable play in a vertical direction. 


This last precaution is necessary to allow for alteration in length of the burette induced by 
ehanges of temperature. When the tubes are properly fitted in these grooves, there is no danger 
whatever of their being broken, even if the apparatus is subjected to careless handling. 


The contracted portion of the upper part of the burette is about 225 mm. long, and has a 
capacity of 15 ¢.cs., the wider portion being about 410 mm. long, with a capacity of somewhat more 
than 250 ¢.cs. Both portions are graduated, the former at intervals of one-tenth cc., and the 
latter at intervals of 25 c.es. 

The pressure-tube has a working length of 1,000 mm. above the level of the lowest division, 
viz., the 250 ¢.cs. line of the burette. 


The height of the mercury in the pressure tube is read by means of a millimetre scale etched 
on the unsilvered surface of a narrow slip of looking glass, which is fixed to the back of the 
apparatus, close to the pressure tube, at such an angle as to reflect the image of the tube through 
the portion of the glass bearing the scale. To read the height of the mercury in the tube 
the eye is held a little to the right of the scale, and moved about until the scale-lines in the 
immediate vicinity of the reflected image of the mercury meniscus coincide with their own images 
reflected from the silvered surface of the glass. When the eye is in this position, the height of 
the mercury in the tube can be accurately read to 0°5 mm. 


The laboratory vessel differs in principle and shape from that used in Frankland’s and 
M‘Cleod’s apparatus. Its shape is shown in the drawing; the lower end, which is cylindrical 
in shape, is 25 mm. diameter, and 55 mm. long, and is furnished with a side tube for connecting 
the vessel with a separate reservoir. The middle portion of the vessel is 160 mm, long, and the 
upper end as an inverted con‘cal shape, which is 55 mm. long, the diameter increasing from 3 or 
4mm. at the lower, or narrow part, to 20mm, at the mouth. 


Two platinum wines are scaled into the vessel in the position shown in the drawing. 


.The special shape given to the upper portion of the laboratory vessel enables it to be easily 
connected, or disconnected with the burette. When the vessel is placed in position, as represented 
in the drawing, the capillary branch tube, the end of which is fitted with an indiarubber collar, 
tightly closes the narrower part of this portion of the vessel, while the lower shoulder of the 


- Vessel résts upon a shelf (shown in the drawing) which has somewhat the shape of a horseshoe. 


If the space above the rubber collar at the end of the branch capillary tube be filled with mereury 
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or water, a perfectly air-tight jointis obtained. The joint may, in fact, be made so staunch, that Dr. Adeney. 
a vacuum can be maintained in the vessel, or, on the other hand, explosions may be made therein 
without fear of loss. 


When it is desired to disconnect the laboratory vessel, its lower portion is drawn forward 
sufficiently to clear the shelf, and it is then lowered to detach it from the branch tube from. the 
burette. 


By reversing these movements, the laboratory vessel may be again placed in its position. 
The shape of the indiarubber collar is of importance ; its lower end must. be shaped so as to bear 
well on the sides of the contracted portion of the laboratory vessel. The collar is easily given the 
necessary shape by means of a red-hot iron wire. The lower end of the laboratory: vessel is 
closed by a well-fitting cork, through the centre of which. passes a straight glass tube about 10 
mm. long and’ 3 mm. bore; to the outer end of this a piece of stout indiarubber tubing, about 15 
ems. long and'1 mm. bore, is attached. 


‘When the cork is fixed into its place, the other end of this glass tube projects into the 
laboratory vessel for about 2 ctms. A small Bunsen screw-clamp is provided, with which to open 
or close the rubber tube when necessary. 





o 
laboratory vessel, and I therefore propose to call it the reagent tube. 

The side tube from the lower portion of the vessel is as I have already stated, connected by 
means of a rubber tubing, with a separate reservoir, which is supported in a box,* and: raised or 
lowered along guides: fitted at the back of the apparatus, by means similar to those 
already described as provided for the reservoir to the burette. 


The shelf which supports the laboratory vessel is, in reality, a small bracket, the 
vertical limb of which is provided with a tongue at the back, sliding in a groove cut in the wooden 
back of the apparatus, so that, thus guided, it can be moved up and down in a vertical direction, 
and clamped at any point by a thumb-screw, so as to adjust.the amount of pressure, which the 
upper end of the laboratory vessel will exercise on the rubber collar. 

This adjustment provides for all alteration, either in the length of the laboratory. vessel, 
owing to changes of temperature, or in the size of the rubber cork, owing to wear or 
replacement, and ensures an air-tight joint with the capillary tube from the burette at all 
times. 


The whole apparatus is supported on a strongly-made table, 91 ctms. high. 


The glass tube supplies the means of introducing gaseous or liquid reagents into the 


The method of working the apparatus is as follows:—The pressure tube, burette and 
laboratory vessel being filled with mercury, and all stopcocks closed, the laboratory vessel is 
placed in its position in the manner just described. The laboratory flask, into which 50 c.cs. of 
pure distilled water have been placed, with or without the addition of 1 or 2 c.cs. of pure 
sulphuric acid, as the experiment may require, has been placed, is fitted to the end of the 
condenser. The water in the flask is then boiled, the air and steam escaping through the side 
tube in the neck of the flask. The end cf this tube is fitted with a short piece of indiarubber 
tubing. After continuing the boiling for about ten or fifteen minutes, the burner is removed 
from under the flask, and at the same time the short rubber tube, attached to the side tube from 
the neck, is closed with a piece of glass rod. 


By this operation the flask is largely freed from air ; the air still remaining in it, and in the 
condensing tube is next drawn off by working the apparatus. as an air-pump. This is done by 
lowering the burette reservoir to its lowest limit, the mercury flowing out of the burette, leaving 
it in _vacuo., If now the stopcock of. the burette be turned to open communication between 
it and the laboratory flask, aqueous vapour and portions of the residuum of air left in the flask 
will pass into the burette. The stopcock is then turn:d to close communication with the 
laboratory flask, and the reservoir raised to refill the burette with mercury. The air and water 
drawn into the burette by this operation are then passed into the laboratory vessel by opening 
communication therewith. By this time the neck of the flask and the side tube therefrom: will 
be sufficiently cooled to allow of water being safely poured into the space left in the neck above 
the rubber cork, by which the condensing tube is fitted into the flask, to protect it from the air, 
and to fill a water-jacket over the piece of rubber tubing closing the side tube. 


The operation of drawing aqueous vapour and gases from the laboratory flask into the 
burette, and driving them thence into the laboratory vessel is repeated until the mercury, or 
rather the condensed water on the top of the mercury, strikes the closed stopcock of the burette 
with a sharp metallic click when the burette becomes full of mercury. In this way the burette 
provides an extremely sensitive means of gauging the degree of exhaustion which can be obtained 
in the laboratory flask. The flask is usually exhausted by the time the burette has been filled 
with mercury, and emptied four or five times. The flask being exhausted, preparations are 
mmediately made to transfer a known volume of the water to be examined, into the laboratory 
flask. 


+ A few minutes’ delay is first allowed to allow the surplus water left on the sides of the 
burette to collect at the top. 


This is then transferred to the laboratory vessel, which is next detached from the 
capillary branch tube, care, however, being taken before doing so, to leave the branch tube full of 
mercury. 


The rubber collar is detached from the end of this tube, which is then connected by means 
of a piece. of indiarubber tube with a glass tube of the same thickness and bore as itself (27 ctms. 





* The position of this box is not quite correctly shown in the drawing. Its true position will, however, 
be understood from the description in the letterpress, 
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Dr. Adener, long), which has been previously completely filled with the water to be examined. The lower 


end of the latter tube is immersed in the water for examination, the burette reservoir lowered a 
tittle, and the stopcock opened, the water then passes into the burette. 


By gradually lowering the reservoir, 250 c.cs., or a less volume if required, of the water may 
be drawn into the burette. 


When this has been effected, the stopcock is closed, and opened to the laboratory flask. 
The water then passes into it from the burette, care being necessary to prevent mercury getting 
into the flask during the operation. The glass tube is now detached from the capillary branch, 
the rubber collar reattached, and the laboratory vessel refixed in position. It is now necessary 
to clear the laboratory vessel of small bubbles of air, and of any decided quantities of water that 
may remain on its sides or in the reagent tube from the process of washing after the previous 
analysis. This is rapidly done by raising the reservoir decidedly above the level of the side 
tube of the vessel, and unscrewing the clip which closes the rubber tube attached to the outer 
end of the reagent tube, so as to allow mercury to pass into the pipette attached to the other 
end of the rubber tube and supported by a clip, fixed to the stand, in the position shown 
in the drawing. The reservoir is then dropped considerably, and the screw-clip being 
cautiously opened, the greater portion of the mercury in the pipette is drawn back into the 
laboratory vessel, carrying with it any air-bubble or water which may have lodged in the reagent 
tube. The clip being closed, the reservoir is raised sufficiently to cause the mercury to over- 
flow the laboratory vessel when it is slightly withdrawn from the rubber collar on the capillary 
branch tube, thus driving out the air and water from the top of the vessel. The laboratory 
vessel is refixed in position, and the reservoir is then lowered so as to empty the vessel 
almost completely, and being rapidly raised, note is made as to whether the sharp click is 
heard when the vessel refills completely. If not, it is again partly detached from the collar, 
and some mercury driven out, and the vessel again replaced in position. These operations 
of causing the mercury to overflow the top, lowering the reservoir so as to nearly empty, and 
again rapidly refilling the vessel, are continued till the sharp click, indicative of complete 
exhaustion, is obtained. Generally this is obtained after two or three trials, the operation being 
extremely easy. : dations 


During the time occupied in these manipulations, the water in the laboratory flask is kept 
violently boiling to disengage the dissolved gases. 


These are drawn into the burette from the flask, and stored in the laboratory vessel in a 
similar manner to that described for exhausting the flask in the first instance, with the exception 
that the condensed aqueous vapour, drawn into the burette with the dissolved gases, is not allowed 
to pass into the laboratory vessel, but is returned to the flask. When the dissolved gases have 
been completely extracted, a few minutes delay are allowed for the small quantities of water, 
adherent to the sides of the burette, to rise to the top, when it is returned to the flask. The 


measurement and analysis of the gases stored in the laboratory vessel is then proceeded 
with, 


The methcd of adjusting the level of the mercury in the burette, after the gases have been 
passed into it, will require some explanation. The simple plan of closing the stopcock, and then 
raising and lowering the reservoir so as to bring the mercury to the level of the division line 
selected cannot always be followed, since, after transferring the gas, a small bubble of it some- 
times remains in the laboratory vessel under the rubber collar, and cannot be removed therefrom. 
When, therefore, the level of the mercury in the burette is being adjusted, the stopcock must be 
left open, and the adjustment be made by working the two reservoirs conjointly. To transfer 
the gases into the burette in the first instance, its reservoir is lowered, and that of the laboratory 
vessel is raised, if necessary, until nearly all the gas is passed over, alittle, however, remaining in 
the laboratory vessel. It must be observed at this point whether the gas will require to be com- 
pressed or expanded in order that the mercury in the burette shall stand, after final adjustment, at 
the level of the division line selected for measurement, and in order that, at the same time, the 
laboratory vessel shall be completely filled with mercury, with the exception, possibly, of the 
small bubble of gas above referred to; with careful manipulation, however, no bubble of gas need 
remain. With a little practice, the adjustment may be effected easily and quickly. An indica- 
tion that all the gas possible has been transferred to the burette at the final adjustment is 
obtained when the mercury, or more generally water, s'nce a smuall quantity always collects in 
the laboratory vessel during the operation of extracting the gases from the laboratory flask, and 
storing them, as above described, rises a little in the capillary branch tube. 


When the necessary adjustments have been made, the height of the mercury in the pressure 
tube, which, I should here note, is kept moist, is read off, the line of measurement on the burette 


and the temperature of the water in the jacket are also noted. The next step is to absorb the ~ 


carbon dioxide ; the small quantity of solution of potassium hydrate required for this purpose is 
introduced into the laboratory vessel thus :—the stopcock of the burette is closed, the reservoir of 
the laboratory vessel is fixed well above the level of the reagent tube, and a pipette containing 
the solution of potassium hydrate is connected to the free end of the rubber tube attached to the 
reagent tube, and then left supported, as indicated in the drawing, 


As the reservoir is now above the level of the reagent tube, on unscrewing the clamp the 
mercury will flow into the pipette, and expel any small bubble of air that may have been left in 
the open end of the rubhér tube after attaching the pipette to it. The air having been completely 


expelled, the clamp is screwed up again, and the reservoir dropped to a level a little below that 
of the reagent tube. . 


On carefully opening the clamp the mercury in the pipette will slowly flow back into the 
laboratory vessel, and after it the required amount of potash solution, care being used -so as not 
to empty the pipette entirely. As soon as this is accomplished, the clamp is closed, and the 
reservoir raised to about its former level. The surplus. quantity of solution remaining in the 
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reagent tube may now be driven back into the pipette, and after it a little mercury, by carefully Dr, Adeney. 
opening the clamp, which is closed again immediately this has been done. To effect the absorp- 
tion of the carbon dioxide by the potash, the gas is passed into the laboratory vessel and then: 
backwards and forwards into the burette three or four times, care being taken not to allow any 
of the potash into the burette. In about five minutes the carbon dioxide will be completely 
absorbed, and the remaining gas again measured just as before, and the height of the mercury 
in the pressure tube noted, the difference of reading before and after absorption giving 
the pressure exerted by the carbon dioxide at the volume at which the gases have been 
measured. 





If the volume of this gas has been large, it will reduce the errors of reading in the further 
process of analysis, if the remaining measurements be made at a volume less than that which was 
necessary before absorbing the carbon dioxide. The operation of absorbing the oxygen by means 
of pyrogallic acid is carried on similarly to that for absorbing the carbon dioxide. The 
remaining gas will consist, at least in most cases, of pure nitrogen. Its pressure at the volume at 
which the measurements for the determination of the oxygen were made, is easily determined by 
deducting from the last-noted pressure the height of mercury in the pressure tube corresponding 
to the height of mercury in the burette at the line at which the measurement for the determination 
of the oxygen was made. This height may be quickly determined for each experiment by noting 
the height of mercury in the pressure tube, when the mercury in the burette is adjusted at the 
said line of measurement in vacuo. 


The residual gas, after the absorption of the carbon dioxide and oxygen, may in some cases 
contain hydrogen, and possibly marsh gas. 


When this is the case the following procedure is adopted :— 

After carbon dioxide and oxygen bave been absorbed and determined, the remaining gases 
are driven back into the laboratory flask, and the laboratory vessel and burette are very carefully 
cleaned. 


To do this the reagents in the laboratory vessel are driven gradually above the rubber collar 
on the end of the capillary branch tube by lowering the vesseka little from the collar, and care- 
fully raising its reservoir. As the reagents rise above the collar they are absorbed by means 
of blotting paper. When the vessel has been cleansed by this means as far as possible, it is 
replaced in position, and about 50 c.cs. of dilute sulphuric acid (1 : 3) are introduced into it through 
the reagent tube. A little of the acid is allowed to rise above the rubber collar to neutralize the 
potash adherent to it, and the remainder is drawn into the burette. 


The laboratory vessel is then completely detached from the capillary branch tube, and the 
acid, after having been drawn down nearly to the bottom of the burette, is discharged from it into 
a beaker. 


The laboratory vessel is next placed in position and filled with tap-water through the 
reagent tube, and a similar series of operations again carried out as above described, with the 
view of washing both vessel and burette free from acid; the washing is repeated two or three 
times with distilled water. 


When the operation of washing has been completed, the liquid in the laboratory flask is 
boiled, and the gases drawn from it into the burette and laboratory vessel, with the precaution 
previously described for their complete expulsion. After their measurement, some pure oxygen 
is introduced into the laboratory vessel through the reagent tube in'a manner exactly similar in 
principle to that above described for the introduction of liquid reagents. The mixed gases and 
oxygen are then measured, and exploded under reduced pressure, and the further analysis 
proceeded with in the ordinary way. 


- Since the water surrounding the burette becomes unequally heated during the process of 
extracting the gases from the laboratory flask, it is necessary to replace it before measuring and 
analysing the gases. This is readily done by syphoning off the water immediately after the 
process of exhausting the flask has been completed, and replacing it with some that has been 
exposed for some time to the temperature of the laboratory. 


_ T ought to note, before concluding this description, that it has been ascertained by experi- 
ments, which are detailed in my Paper on the earlier form of the apparatus already referred to, 
that the bubble of gas, which is sometimes retained in the laboratory vessel during measurement, 
does not introduce appreciable errors therein. 


EXTRACTION OF THE GASES IN SOLUTION. 


Although it is impossible to completely exhaust a water of the gases it holds in solution in 
vacuo in the manner I have described, it is nevertheless possible to carry the exhaustion so far 
that the quantities of the respective gases left behind in the water may be disregarded, as 
experience has shown that they do not appreciably affect the results. 


Both oxygen and nitrogen are readily extracted from the water, and transferred to the 
laboratory vessel for measurement by three or four exhaustions of the flask during the boiling of 
the water in it, but the carbon dioxide is not so easily disengaged, and between a quarter and 
half an hour’s ebullition in vacuo is usually necessary to effect its removal, the length of time 
depending on the quantity of this gas in solution, and also, apparently, upon the dissolved 
mineral matters also, a hard water requiring more boiling than a soft one. 


Owing to the slowness with which bicarbonates decompose when boiled, I have found it 
practically impossible to determine, separately, the “ combined eT MS uncombined” carbon 
dioxide in a water. But the total carbon dioxide is readily estimated by boiling the water with 
a suitable acid, and by the term carbon dioxide I shall hereafter always include the combined . 
carbon dioxide with that which may be held in solution uncombined. 
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The acid I have used for this purpose has invariably been sulphuric acid. When its 
presence has been necessary, I have always added it to the water placed in the flask in the 
first instance, preparatory to exhausting the air from the flask, as already described. 

The presence of the acid does not interfere with. the determination of the oxygen and 
nitrogen, unless, of course, nitrites are present in the water. When this is the case, the 
dissolved oxygen and nitrogen are determined in the absence of acid, and the carbon dioxide 
afterwards estimated by a separate experiment in the presence of acid. : 

I have generally employed 250 c.cs. to 500 ¢.cs. of a water for the analysis of the dissolved 
gases ; such volume of water giving suitable volume of gases for the apparatus. The operation 
of extracting and analysing the dissolved gases in a water may generally be completed within two 
hours. . 


METHODS EMPLOYED FOR THE DETERMINATION OF INORGANIC NITROGEN. 


The nitrogen as ammonia has been determined in the ordinary way by nesslerizing after 
distillation, with the exception of a few cases, when it was necessary to directly nesslerize without 
previous distillation, owing to the fact that the substances experimented with were decomposed 
on boiling. 

The method employed for estimating the nitric acid was that which has been worked out by 
Williams,* and which depends upon the action of a ‘“zine-copper. couple” in reducing nitrates 
and nitrites to ammonia. My general experience with this method is, that it gives reliable 
results. 

For the estimation of nitrous acid, I have employed Griess’ metaphenylenediamine method, 
as detailed in Sutton’s “‘ Volumetric Analysis,” p. 367, 5th edition. 

Wherever possible, that is when the total quantity of inorganic nitrogen has not been large, 
I have preferred to subject the water to the action of the,“ zinc-copper couple” before distilling 
off the free ammonia present. 

‘he nitrogen as free ammonia then obtained, after the action of the couple, represents the 
total inorganic nitrogen. This amount, less that as free ammonia originally present, and nitrous 
acid, which are separately determined, gives the nitrogen present as nitric acid. 

When, however, the free ammonia or nitrous acid is present in large quantity, I have 
separated them in the ordinary way, the free ammonia by distillation, and the nitrous acid by 
distillation in the presence of an excess of ammonium chloride, before examining the water for 
nitric acid. I have occasionally employed Crum’s method with Lunge’s nitrometer to check the 
results obtained with the zinc-copper couple method, and have usually obtained concordant results 
therewith. 


ERRORS. 


The methods of experiment which I have described, are liable to three distinct sources of 
error. They are :— : 

1. The possible changes in volume which the dissolved gases may suffer during the manipula- 
tion necessary for bottling the water, and transferring it to the gas analysis apparatus. 

2. The operations in the gas analysis apparatus, viz., the extraction and analysis of the 
dissolved gases. 

3. The changes of temperature which the solutions undergo during the time of keeping them 
in bottles, as described, out of contact with air. 

It would be difficult to give a precise value for each of these three sources of error, but their 
total effect upon the final results obtained, which are, it must be remembered, the differences 
between the determinations for each dissolved gas before and after keeping the liquid under the 
prescribed conditions, will be found approximately indicated in the majority of the experiments 
which I shall describe in this Paper, by the atmospheric nitrogen determinations. 

Since most of my experiments have been carried on under more or less aérobic conditions, the 
atmospheric nitrogen has not, except apparently in a few cases, suffered changes in common with 
the other bodies with which it has been associated. The difference between the volume of this 
gas before and after fermentation, therefore, affords a very valuable index of the extent to which 
the above possible sources of error affect the analytical results. : 

The total error may also be found practically by blank experiments with the water employed 
for making up the solutions. : 

I have usually found the difference between the determination of the volumes of nitrogen 
before and after, keeping to be under 0:2 c.c. per litre of water. In some cases it has risen nearly 
to 0°3 ¢.c,, but this is exceptional. 

Blank experiments with tap-water, the particulars of which will be given later on with the 


details of my other experiments, show that the oxygen determinations before and after keeping | 


do not usually differ by more than 0-1 ¢.c., and rarely differ by as much as 0°15 c.c. per litre of 
water. 


The error attending the determination of carbon: dioxide varies somewhat with the quantity 
and probably also with the composition of the mineral matter in solution in the water. When 
the quantity is not greater than 40 or 50 c.cs. per litre, the error is about the same as that 
affecting the nitrogen determination, but, as the quantity increases, the error is liable to slowly 
increase also, and may reach to as much as 1°0 ¢.c. perlitre for quantities amounting to 200 c.cs. per 
litre. In the case of a hard spring water in which the carbon dioxide reached to nearly 300 c.cs. 
per litre, the determinations of this gas before and after keeping showed differences of as much as 
2 c.es., although the atmospheric nitrogen and oxygen determinations were similar, and indicated 
that no fermentation had gone on therein during the time of keeping it. In consequence of this, 
I have avoided, when possible, the presence of any large quantity of carbon dioxide, and have 
employed sodium carbonate only, when it was necessary to add a carbonate to. my test solutions, 
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The errors of the gas analysis apparatus are very small, and need not be discussed, since I - 
have dealt with them in the Paper already referred to, describing the earlier form of the 
. instrument. 

It will be seen from the foregoing remarks that, although the method is open to several 
sources of error, it is possible to keep the total error within such narrow limits that valuable 
results may be obtained by it. But in order to effect this, it is necessary to observe certain 
precautions in carrying out sume of the steps in the method, and to these precautions I will now 
briefly refer. 


THE PREPARATION AND ANALYSIS OF THE SOLUTIONS AND DILUTIONS. 


In the first place the tap-water employed was that supplied to Dublin from the Vartry 
Waterworks. It is a good upland surface water, and has proveda valuable one for the purposes 
of my experiments, since it contains extremely small quantities of dissolved matters, the total 
solids being usually not more than four parts per 190,000 of water. It, however, invariably 
contains small quantities of peaty colouring matter, and for this reason I have sometimes found it 
necessary to use pure distilled water instead. The water was drawn from a large cistern holding 
nearly 400 gallons. 

When making up a long series of dilutions for observation, it has, of course, been impossible 
to determine the gases in each member of the series just before bottling, since the time required 
for so many analyses would be so considerable that it would be impossible to prevent serious 
changes of temperature, and also, in all probability, fermentative changes, especially if sewage- 
water happened to be the subject of experiment, and the final results would therefore not be 
comparable. When dealing, therefore, with a series of dilutions at the commencement of an 
experiment, I have determined the dissolved gases and inorganic nitrogenous bodies in the lowest 
dilutions, and in the tap water employed for making the dilutions, only, and calculated, from the 
data obtained, the quantities of dissolved gases and inorganic nitrogenous substances for all the 
other dilutions made up. I need scarcely remark that at the conclusion of an experiment each 
member of the series of dilutions has been in every case directly analysed. 

[have adopted a similar method of preparation for all the dilutions I have experimented 
with. The basis of each series of dilutions has been either undiluted sewage-water, or a strong 
solution of other substances of known composition and strength. Five litres, at least, of the 
lowest dilution have been made, and aérated by. violent agitation with air in a large glass vessel 
fitted with a glass tap. After the aération the solution has been allowed to rest for about fifteen 
minutes, to allow air-bubbles to rise to the surface and escape. 

Two or more bottles have been carefully filled, and allowed to stand unstoppered for a few 
minutes, until again all air-bubbles have escaped. All the bottles, with the exception of one, 
were then carefully stoppered, and placed neck downwards in distilled water. The one left 
unstoppered was at the same time transferred to the gas analysis apparatus, and the volume of 
the liquid required for the analysis then drawn from it into the burette of the apparatus, and 
thence passed into the laboratory flask, and boiled in vacuo. 

Immediately this had been done, the preparation of the remaining dilutions required is 
proceeded with in an exactly similar manner, except that portions of them were not reserved for: 
analysis. 

ewhen all the dilutions have been made, five litres of tap-water were placed in the same glass: 
vessel, and agitated with air just as in the case of the dilutions. The water after aération is 
drawn off into bottles and preserved in the ordinary way, a portion, as in the case of the lowest 
solution, being transferred to the gas analysis apparatus. With the aid of an assistant, the 
analysis of the lowest dilution and the preparation of all the required dilutions may be compieted 
within two hours, when the duration, bottling, and analysis of the tap-water may be proceeded. 
with without delay. = 

The chief point of importance to be attended to in the preparation of these dilutions is that 
of temperature : it should be the same for each dilution. This is not difficult to accomplish when 
the tap-water is drawn from so large a cisternas that’ which has furnished my supply. I have 
also taken the precaution of tying up the ball-cock of the cistern when making up the dilutions. 

The complete aération of the dilutions is also of importance ; but with a good tap-water such 
as I have employed, this condition can be attained withoué difficulty. 

In all my experiments I have endeavoured to keep the variation of temperature from that 
obtaining at their commencement within as narrow limits as possible, and as a result of this I 
have found it unnecessary to make any correction for expansion or contraction of the liquid 
arising from change of temperature, the errors arising therefrom being very small in comparison 
with those from other sources; thus the maximum difference between the initial and final 
temperature of any of the experiments I shall quote in this Paper has been within 12°C., viz., 
from 8° C. to 19° C.. A litre of water, on rising from 8° C. to 19° C., would increase (according to 
the data given in Muir and Morley’s edition of “ Watt’s Dictionary,” vol. iv. p. 861) in volume 
by 1:409 c.cs. Such an alteration in volume, it will be seen from the details of my experiments, 
gave rise to so small an error in comparison with others which affected them that it was thought 
unnecessary to make any correction for it. 

The errors arising from the tendency to disengagemant of the dissolved gases on variation of 
temperature would of course be very large, and in fact would render the results valueless, had not 
the precaution already described been taken to prevent the escape of the disengaged gases from 
the bottle in which the solution was kept. 

The conditions which give rise to the maximum disengagement of gases from liquids kept 
in bottles, in the manner I have already explained when describing the method of experiment 
adopted, and apparatus employed for this investigation, are, first, a considerable rise of tempera- 
ture above the initial point, during which the liquid will expand, and small quantities cf it be 
forced out of the bottle between the neck and the stopper, followed by a considerable fall, when 
the liquid will contract, and, if the stopper be well ground, a small space will be formed in the 
bottle containing gases previously dissolved, and will be moreor less steadily maintained, since 
the bottle is immersed in water, neck downwards, so long as the temperature remains below the 
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disengaged in this way to that remaining in solution will practically vary with the temperature, 
according to Henry’s Law. 2£ 

As a practical illustration of the influence of variation of temperature upon solutions kept 
under the conditions described, I may here give an extreme case, viz. an experiment with tap- 
water kept for a period of fourteen months. efi 

This experiment was started on the 2nd February, 1893, when the tap-water before bottling 
was violently shaken up with air in a large vessel. After this operation the water was allowed 
to stand until quite free from air bubbles. Its temperature was then found to be 10° G. A 
bottle was carefully filled with a portion of the aérated water, another portion being immediately 
afterwards transferred to the laboratory flask of the gas analysis apparatus. On April 3rd of 
the following year the contents of the bottle were examined. A bubble of gas, about 6 ces. in 
volume, was found to have been formed. The gases in the bubble were collected over fully 
aérated water, and immediately afterwards transferred to the laboratory vessel of the gas analysis 
apparatus, measured, and analysed ; the water in the bottle was not examined until next day, in 
order to allow time for the distilled water, which had replaced the disengaged gases, to diffuse 
equally through it. During this time, it need scarcely be said, the bottle was kept immersed in 
water. 


The temperature at the conclusion of the experiment was 13:8°C. 
The results of the analysis of the disengaged gases were as follows :— 


Total volume at 0° C. and 760 mm. Bar, at ae sad 5°8414 ces. 
Volume of oxygen r 3 ine sis i 1:0058 
Volume. of nitrogen ws ses cae aay pak wes 4°8358 
Volume of carbon dioxid 1% ist Ae <8 sts 0 


The capacity of the bottle was 2,530 c.cs. Dividing the volumes of oxygen and nitrogen by 
2°53 we get the volumes of these gases disengaged, per litre of water, at the time of the conclusion 
of the experiment. These volumes are :— 


Oxygen ~ ats ae 0°40 c.cs. 
Nitrogen... nee, ae Le 


The results of the analysis of the gases* dissolved in the water at the commencement and 
conclusion of the experiment are given in the following Table :— 




















ae CO. Os. Se as NE, a) teas N,0, 
‘ ~- 
At commencement - - - 4-04 7°8 15°66 0 00001 
At conclusion — - - - - | 4°94 6:23 13°60 0 0:0008 
Correction for disengaged gases - 0 0-40 | 1:97 — — 
Corrected volumes - - - 4:94 6°63 15°50 — = 
Differences - - : . + 0:90 ek RU —0:10 | — +0:0007 








No correction was made for the distilled water introduced into the bottle when collecting the 
disengaged gases. 

The changes in volume of the carbon dioxide and oxygen shown in the above Table were no 
doubt due to the fermentation of small quantities of peaty colouring-matter which the tap-water 
contained, and not to experimental errors. This explanation is supported by the increase 
quantity of nitrate found in the water after keeping. 

The gaseous nitrogen, however, remained unchanged in volume during the period of keeping, 
and the ditference between the volume of this gas found before and after keeping indicates the 
probable value of the total error from the two distinct sources mentioned above. 

Before leaving the consideration of errors due to variation of temperature of the solutions 
during the time of keeping them, I ought perhaps to point out that a disengagement of dissolved 
gases on rise of temperature is more or less completely prevented under the ordinary conditions 
of my experiments, since a considerable pressure was always kept up in the bottles when the 
temperature was rising, by keeping them resting with their full weight upon their stoppers. 

This I have generally found sufficient to prevent the stoppers from becoming too freely 
loosened by the expanding force of the water under the influence of rise of temperature. Ishould 


add that care has been taken to guard the solutions against any serious daily variations of tem- 


perature, and the precaution of re-tightening the stoppers from time to time has also been taken. 


PART ].—EXPERIMENTS WITH EASILY FERMENTABLE MATTERS. 


As I have already explained when describing the method of experimenting adopted, the 
experiments which I have now to record have for tke most part been carried out with sets or 
series of dilutions, varying in strength, of comparatively strong solutions of polluted waters, such 
as Sewage-water, or of othez/fermentable substances, including those which ferment with ease, 
and those which ferment with difficulty. 


The details and results of the experiments are given in full in Tables, a separate Table to 


each set or series of experiments. Each Table, therefore, furnishes a fairly complete view of the - 


nature and amount of the chief substances produced by the action of the mixed organisms natural 





* Volumes of the gases are expressed in c.es., at N.T.P., per litre of water, 
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to. the solution or dilution during a fermentation, carried on under conditions varying within pr Adeney. 


narrow and well-defined limits, as well as the quantity of oxygen consumed in the process. 
_ The information given in these Tables will, therefore, be found sufficiently full to render 
them self-explanatory. 

But it will be necessary to discuss the results in some of the Tables at some length in order 
to indicate the typical results, which the method of experimenting employed can afford, and the 
general conclusions which can be drawn therefrom. The remaining Tables will be found to 
furnish additional experimental results, all tending to confirm those specially referred to. 

Tt will be convenient to discuss, in the first place, the experiments with easily fermentable 

organic matters ; and this I now propose to do, not necessarily in chronological order, but as they 
best illustrate the points which have to be considered. 
_ My first definite series of experiments was commenced on November 5th, 1891, and they 
were made with a sample of raw sewage collected from a main sewer at Monkstown, a residential 
suburb of Dublin. The sample of sewage was filtered through ordinary filter-paper to separate 
the matters in suspension as much as possible, and aérated, and the following dilutions were 
made from it with tap-water :—one volume of filtered sewage to 9, 19, 29, 39, 49, 59, 69, 79, 
89, and 99 volumes of tap-water. 

In the following, and all succeeding Tables giving the details and results of experiments, 
the dissolved gases are expressed in c.cs., at 0°C., and 760 mm. bar., and the inorganic 
nitrogen in fractions of a gramme, per 100 c.cs., of solution. 

Under the columns headed I. and II. are given the results of analysis, before and after 
fermentation, respectively. 


- 


SERIES I.—CoMMENCED 25TH NOVEMBER, 1891. 


TABLE I.—The Volume of Gases, and the Weights of Ammoniacal and Nitric Nitrogen, in the 
Mixtures of Sewage and Tap-Water, employed in Series I. of Experiments, before and after Fermentation. 


[The gases are expressed in c.cs., measured at 0° C., and 760 mm. bar. ; the other constituents, 
as parts by weight, per 1000 c.cs. of liquid. ] . 









































eae of Fe Wat ce. CO, 0, N, lide tas be tre N as N,O, 
conclusion 0 eeepTe. fe Line elk iT Il. | i Ui iee lt: ite 
Experiment. | 
; 
1892. j 
January 21 1 in 100 4°32 | 6°70 8:03 | 2°54 | 15:96 | 15-60} 0-00062 | 0-00 0:00010 | 0:0010 
Differences - + 2°38 —5 +9 — a —0-00062 +0°009 
February 3 1 in 90 4°43 | 7:15 8:02 | 1°68 | 15-96 | 15°61) 0°00067 | 0-00 0:0001 | 0:0012 
Differences - +972 —6'°34 fen — —0°00067 +0-0011 
February 4 1 in 80 4°51 | 7-64 8°02 | 0°77 | 15-90 | 15°60) 0°00077 | trace. | 00001 | 0:0012 
Differences - SE Bes} eo vs — —0:00077 +0:0011 
February 4 1 in 70 4°66 | 7:94 8:00 | 0:62 | 15:96 | 15:60/ 0-00086 | 0:00012) 0-0001 | 0:0012 
Differences - +3°28 -7°38 —— — —0:00074 +0-:0011 
February 5 1 in 60 4°81 | 9°18 8:00 | 0°48 | 15°97 | 15°68} 0:0010 | 0:0008 | 0-0001 | 0:0008 
Differences - + 4°37 Oe, — — —0°0002 +0:0007 
February 5 1 in 50 5°09 | 10°23 7°98 | 0:00 | 15°97 | 15-55} 0:0012 | 0:0012 | 0.0001 | 0-0006 
Differences - +5:14 -7°98 ses wes —0:00 +0:°0005 
February 5 1 in 40 5°46 | 11°55 7°96 | 0°00 | 15-99 | 15.51} 0°0015 | 0:0019 | 0-0001 | 0-00C4 
: Differences - +609 ~7°96 = = +0°0004 +0°0003 
Februsry 6 1 in 30 6°08 | 13:11 7°92 | 0:00 | 15°98 | 15°79} 0°002 | 0:0032 | 00001 | 0-00 
Differences - + 7:03 -7°92 = — +0°0012 —0:0001 
retary il 1 in 20 7-31 | 18°56* | 7-85 | 0-00 | 15-99 | 15-80] 0.003 | 0-005 | 0-0001 | 0-00 
Differences - 11-25 =j-80 — — +0:002 —0:0001 
February 11 1inl0 11:03 | 26°40* | 7:63 | 0:00 [16-07 | 20°091) 0-006 | 0-0068 0:00 | 0:00 
Differences - 15°37 -7°63 == == +0000 0:00 
February 15 Tap-water - 3°58 | 3.45 8°07 | 8:00 | 15°95 | 15°82; 0:00 | 0-00 0:00010 | 0-001 














REMARKS.—Nitrous acid was not detected in any of the mixtures after fermentation. 
Mixtures 1/100 to 1/50 were quite inodorous after fermentation. 


that of rain-water. 


1/40 emitted an odour like 


1/30, 1/20, and 1/10 were very offensive. 


_ The foregoing Table illustrates very clearly the results which are obtained by the fermenta- 
tion of dilutions of the same sewage-water under conditions gradually varying from those in 
which the atmospheric oxygen is in excess, relatively to the fermentable matters, to those in 
which the fermentable matters are in excess. 

Solutions 1/100 to 1/80 afford an illustration of the influence of an excess of oxygen. In 
each of these solutions the fermentation has extended to the complete oxidation of the ammonia 
in the admixed sewage. In solutions 1/70 and 1/60 the conditions were evidently evenly 
balanced, for both a little free oxygen and a little ammonia were left in cach. In solutions 1/50 
and 1/40 the influence of gr adually increasing quantities of fermentable matters in proportion to 
atmospheric oxygen is indicated by increasingly small quantities of nitrogen becoming oxidised, 
aM Paeees eee 3 te ee ob ee ee 

* Rach of these volumes include small quantities of SHy. 
+. This volume ineludes CH, and H. The volume of these gases was not determined ovine to an 
accident during analysis. 
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and by increasingly large quantities of ammonia left unoxidised. In solutions 1/30 and 1 /20 we 
see that no oxidation whatever of nitrogen took place, and we notice for the first time that the 
volume of carbon dioxide begins to show a slight decrease relatively to the volumes of the gas 
formed in the more dilute solutions after fermentation. This is still more noticeable in the 
strongest solution 1/10. In this connection it is of interest to note that, simultaneously with the 
relative decrease in volume of carbon dioxide formed, bodies having offensive odours begin to 
make their appe1rance. 

If we examine the contents of the Table a little more closely, we shall find that a number of 
important conclusions may be drawn as to the quantitative relationships existing between the 
amounts of atmospheric oxygen, and of fermentable matters originally present in the solutions on 
the one hand, and the products of fermentative changes on the other. These relationships «~~ 
become more apparent when each set of differences between the analytical results given in the 
Table for each solution are multiplied so as to make them comparable with one another. When 
so multiplied, the numbers may also be taken to represent the results which would have been 
obtained by experimenting with undiluted sewage, had that been possible, under the respective 
conditions represented by each dilution. In the following Table are given the products obtained 
by multiplying the differences in Table I. as déscribed :— é 


Dr. Adeney. 
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TABLE TJ, 

4. a 
mini. attic oo | ine, | ven, |e 
1/100 |. 100 +238 ~ 0-062 40-09 287 525 | BAg 
1/90 + |... 90 4245, ~ 0-060 +0°099 316 cde od6L 571 
100 | 80 4254 ~ 0062 +0088 | 281 535 580 
1/70 70 +230 -0:052 | +0077 245 475 | BT : 
1/60 60 +262 ~ 0-012 +0°042 134 396 | | 451 q 
1/50 | 50 +257 00 | +0025 80 | 337 399 
1/40 40 4244 4.0016 +0-012 38 282 318 4 
1/30 30 +211 +0-036 0-0 0 211 238 
1/20 20 4295 40-04 0-0 0 225 157 : 
1/10 10 4154. | 40-008 0-0 0 | 154 “| ett 











The volume of oxygen given in column 4 as equivalent to the weights of N,O, in the 
preceding column have been added for convenience of comparison ; they have been calculated 
from the equation : 





2NH, + 40, = N,O + 3H,0. 

This equation gives 3:19 c.cs., oxygen at N.T.P. as the volume required to oxidize 0-001 
grammes nitrogen as NH, to N,O,. 

Column 5 gives the sum of the volumes of carbon dioxide actually formed, and of oxygen 
theoretically equivalent to the nitric acid formed, and have also been added for comparison with 
the volumes of oxygen actually consumed. 

The figures in the above Table, when allowance is made for errors, show that in the case of 
each of the solutions 1/100, 1/90, 1/80, in which the fermentation extended to the complete 
oxidation of ammonia, the quantities of carbon dioxide and nitric acid formed, and the volume of 
oxygen absorbed, were practically directly proportional to the quantities of fermentable matter 
originally present in them. 

We also see that in all the other solutions down to 1/40, in which the sewage matters were 
gradually increased in relation to the dissolved oxygen, the volume of carbon dioxide formed was 
still directly proportional to the quantities of sewage matters originally present therein, and that 
the first effect of gradually increasing the proportion of sewage matters was the oxidation of 
relatively smaller quantities of ammonia; and as the proportions of sewage matters were still 
further increased, the ammonia began to be formed, instead of oxidized. 

In the solution 1/40 the proportion of sewage-matters to dissolved oxygen was evidently 
pushed to its maximum. ‘That is to say, the dissolved oxygen present was only just sufficient 
for the completion of the first stage of the fermentation of the organic matters, viz., the breaking 
down of the organic matters into carbon dioxide, water, and ammonia. : 

Hence, from the results of these experiments, if the fermentation of sewage-matters really 
takes place in the two stages already referred to, we may tentatively conclude that when the 
dissolved oxygen is present in sufficient quantity for the completion of both stages, the quantities 
of carbon dioxide and nitric acid formed, and the volume of the dissolved oxygen absorbed, are 
directly proportional to the quantity of sewage-matters originally present. 

If, however, the oxygen be not in sufficient quantity for the completion of both stages, but 
that of the first only, then the volume of carbon dioxide formed is still directly proportional to 
the quantities of sewage-matters originally present, and the oxidation of ammonia will or will not 
proceed according as there happens to be an excess or not of oxygen over and above that required 
ior the first: stage of fermentation. 
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In the solutions 1/30, 1/20, and 1/10, we have an insufficient quantity of dissolved oxygen Dr, A 'eney. 
for the completion of the first stage of fermentation. We then see a secondary, or an aérobic, 
fermentation sets in, in which the fermentation of the organic matter has been proportionally 
less and less complete as the quantity of sewage-matter increased. No simple relation between 
the carbon dioxide formed, and the quantity of sewage-matter originally present, is apparent under 
this condition. 

We may go further, and sum up the results given in the two Tables in a definite quantitative 
form, thus :—1,000 volumes of the sample of sewage-water experimented with required 580 
volumes of atmospheric oxygen, with a probable error of 15 volumes, for the complete 
fermentation of the-fermentable matters, 280 volumes of which were required for the completion 
of the first stage, and 300 volumes for the second stage of fermentation. Or we may put it in 
another way, and state that that when 1 volume of the sewage-water was mixed with 39 volumes 
of good river-water, fully aérated and fairly pure, at winter temperature, the oxygen dissolved 
in the river-water was sufficient for the first stage of fermentation; and, when mixed with 
69 volumes, the supply of dissolved oxygen was sufficient for both stages of fermentation of the 
admixed sewage-matters. The atmospheric nitrogen determination for the solutions 1/100 to 
1/40 inclusive show greater differences than will be found usual. These may possibly not be due 
vo experimental errors, but rather to “fixation ” of atmospheric nitrogen during fermentation (see 
p. 587). 

It should be noted that the tap-water used for diluting the sewage-water suffered but little, 

any, change during the period of keeping. 

Although the results afforded by this series of results were definite enough to warrant the 
conclusions I have formulated, they could not be considered as constituting a sufficient basis for 
extending these conclusions to polluted and natural waters generally. 

Other waters, whether polluted with sewage-matters or vegetable matters such as peat, 
might contain fermentable substances of different composition and organisms of different 
ehemical functions; and such waters, when similarly examined, might give rise to results 
which might lead to different conclusions. It was therefore necessary to extend my 
observations to polluted and natural waters differing widely in character from one 
another. 

I first, however, made some further experiments with other samples of sewage-water 
taken from the same locality as that from which the sample employed in my first series of 
‘experiments was taken. These confirmed the results I have already. given, and need not be 
recorded here. Pes 

As examples of results obtained with sewage-water from quite a different locality, I will, 
give those of two series of experiments with two samples, for which I was indebted to the 
kindness of Mr. J. C. Melliss, C.E., of London. Both samples were taken on June 2\st, 
1893, from the Richmond Main Drainage Works, near London, one being of raw sewage 
before treatment, and the other of sewage-water after clarification with lime and sulphate of 
alumina, and a very careful filtration through one of the gravel filter-beds with 
which the works are furnished. Each sample was an average of portions collected hourly from 
6 a.m. to 6 pm. 

The raw sewage was filtered and aérated, and the following dilutions were made as before :— 
1 volume of raw sewage to 9, 19, 39, and 79 volumes of tap-water. The particulars of the 
experiments are given in the subjoined Table :— 





SERIES IJ.—CoMMENCED 24TH. J UNE, 1893. 
TABLE III.—LZaperiments with Sewage and Tap-water. 





{ 





Date of Co, O, N, N as NH; N as N,O; 
conclusion ; ae 
of Experi- Solution. Remarks. 
ment. Vi ele SE Ri 1 II. I. TW, 
1893. 
* 
July 25 lin10 23°35 | 29-446-42 | 0:00:13-41 | 20°83'0-0045 | 0°0047 |0:00009 | 0°00 | Solution very 
Differences +6°09 — 6°42 ae: ae + 0°0002 — 0:00009 offensive after 


fermentation. 


July 26 lin 20. {14:21 | 19°78'6-44 | 0°18)13°41 | 13°49'0°00225 | 0:0025 |0:00009 | 0:00 | Solution free 





Differences + 5°57 - 6°26 +0°00025 .- 9°00009 from odour 
after fermenta- 
tion. 

July 26 1 in 40+ 9°64 | 12°456°46 | 3°16)13°41 | 13°49'0°001125 | 0°001150-0001 | 0:0001 Ditto. 

Differences +2°81 — 3°30 Bbc ae -+0°000025 - 0:00 

Sept. 1 1 in 80 7°36 | 9°17\6-46 | 2°12/13°41 | 13°340:00056 | 0:00 |0°0001 | 0°0008 Ditto. 
> Differences +1°81 pau Aie cS Ae |e Bo —0 00056 +0:0007 























It may be remarked that nitrous acid was not detected in any of the solutions of this series of 
experiments. 


* This volume includes N, CH,, and H, disengaged during fermentation, but they were not separately 
determined. 

+ The remainder of this solution was, immediately after examination, re-aerated, analysed, and set aside 
to!ferment till September Ist, when it was re-examined, with the following results :— 











1893 


A 11°31 | 11°995°78 | 1:44/12°96 | 12°99|0:00115 | 0°00 |0°0001 | 0°0017 
Sept. 1. | Differences| +068 | -4:34 |... ... ~0-00115 +0:0016 
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Multiplying each set of differences as before we get :— 




















TABLE IY. 
| if 2. 3. 4, 5. 6. 
Solution. | as O in ¢.es. Sum of Vol. of Og 
BaP: CO Nas NH, | Nas N,O, =N,0, 1 and 4. absorbed. 
1/10 Tate 16 Hood + 0-002 0-0 0-0 61 64 
1/20 “iS eh 20 +111 + 0:005 — 00 0:0 111 193 
1/40 (1st stage) | 40 al 2 +0001 0-0 0-0 112 132 
1/40 (2nd stage) | 40 us DY ~0°046 + 0-064 204 231 174 
1/80" e<) eee +145 | ~0:015 | 40-056 179 324 347 




















We see from the above Table that in solution 1/10 the dissolved oxygen was not in 
sufficient quantity for the first stage of fermentation; hence putrefactive fermentation had 
occurred. 


But in the two following solutions it was; and in each the volume of carbon dioxide formed 
and the volume of oxygen absorbed were directly proportioned to the quantity of fermentable 
matter originally present therem. 


We further note that the time allowed for fermentation, 1/20 and 1 /40, was only sufficient 
for the carbon fermentation, and that in neither had nitrogen fermentation commenced. We 
may therefore note this result, as in this experimentfully aérobic conditions were maintained 
throughout, and yet no nitrification occurred; we may consider it as strong evidence in favour of 
the view that the fermentative changes really ovcur in two distinct stages—a view which other 
observers have maintained, and which I have assumed as true in the earlier part of the 
Paper. 


It is important to note that the oxidation of ammonia to nitric acid is accompanied in 
solution 1/40 and inferentially in 1/80, by the formation of relatively small quantities of carbon 
dioxide. 


The gas so formed was probably derived, as I shall show by later experiments, from the 
small quantities of oxidized organic substance which, as we shall find later, may under certain 
conditions be formed from the sewage-matters during the first stage of fermentation. The 
collected results for solution 1/40, and those for 1/80, show that when both stages are complete 
the quantities of carbon dioxide and nitric acid formed, and the volume of oxygen absorbed, 
were practically directly proportional to the quantity of fermentable matter originally present. 


Putting the results in a quantitative form as before, we may say that 1,000 volumes of 
sewage-water required 306 to 347 volumes of atmospheric oxygen for the complete fermentation, 
125 to 132 volumes being required for the first stage, and 181 to 215 for the second stage. 


The filtered sample of sewage from the Richmond Works, when similarly examined, gave the 


following results :— 
SERIES II].—ComMMENCED JUNE 24TH, 1893. 


TABLE V.—Eaperiments with Sewage-water, which has been filtered through gravel 
; Jjilter-beds, and tap-water. 

















Date of CO, 0, N, N as NH; N as N,O, N as NO; 
conclusion Soluti : 
of Experi-| Solution. 
ment. ifs UE Sih oe Uae ie I II. 12 IL. Te II. 
1893 | 
July 18 lin 77°50 | 83°85/6°38 | 0:00|13°58 | 13-70 0-0085 | 9°0075 + /0-0018 | 0-0016 |0:003 | 00045 
Difference:, +6°35 — 6°38 Bic yt Ba: | —0:001 — 0:0002 +0°0015 
July 19 lin4 41°29 | 44:00/6:43 | 0:00/13°58 | 13°54 0°00425 | 0:0030 |0:0009 | 0:00003/0°00155 | 0:0028 
Differences, +2°71 - 6°43 soo) peer ail — 000125 — 0:00087 +0°00125 
July 20 _1in 8 — |23-18 | 24-806-45 | 0-00]13-58 | 13°43 0 00213 | 0:0005 | 0:00045 | 0-00 |0:000825 | 0:0028 
Ditferences, + 1-62 ~ 6°45 Seem aee - 0 0016 —0:00045 +0°00198 
July 24 lin 16 {142 | 15°11'6-46 | 3.41/13°58 | 13-64 0°00107 | 0:00025|0°000225 | 0-00 |0:000402 | 0-0015 
Differences, +0:99 — 3°05 ae ae | — 0:00082 — 0000225 +0001 











REMARK.—AlI] the solutions were quite free from odour after fermentation. 
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On multiplying each set of differences, so as to make them comparable one to another, and pr, Adene 


to the undiluted sample, we get :— 











TABLE VI. 
1. 2 3. 4+ 5. 6. iG 

Solu- | Multi- N as NO; 
tion. | plier. oxidised to | O,=N,0, N as N,O; O,=NH, Sum of Vol. of O, 

Co, NO, oxidised, from NH; oxidised. | 1, 3, and 5. | absorbed. 
1/2 2 | 127} 0-0004 0:32 0-0026 8:29 21°31 12°8 
1/4 4 10°8 0:00348 2°78 0-0015 4°79 133257 on 25°7 
1/8 8 13:0 0:0056 2°86 0.0122 ! 38:92 54°80 51:0 
1/16 16 j 158 0:0036 2°88 0:0124 39°56 58-24 48°8 



































In the results given in these two Tables we have still further evidence that the volume of 
oxygen absorbed is practically proportional to the quantity of matters fermented; but in them 
we have also a more definite indication of the chemistry of at least one phase of nitrification than 
is observable in those of the two preceding series of experiments. 


It may be taken for granted, I think, from the fact that nitrification had already been well 
established in this sample of filtered sewage-water before the commencement of my experiments, 
and from the general character of the results obtained, that the first stage of fermentation had 
been completed during the process of filtration to which it had been subjected at the Works from 
which it had been collected. 


We have therefore, in this series of experiments illustrations of the second stage of fermen- 
tation or true nitrification only ; and it fortunately happens that the dilutions made up were just 
of sufficient strength to clearly illustrate the chemical changes which accompany nitric fermenta- 
tion in polluted waters during their passage through land or artificial filters. 


It will be observed, on looking over the results given in the two foregoing Tables, that a 
fermentation of both nitrous acid and ammonia into nitric acid took place in each solution; that 
the fermentation of thesnitrous acid in solutions 1/2 and 1/4 was incomplete, but complete in the 
remaining solutions, and that the ammonia was not completely oxidized in any of the solutions ; 
and finally, that a decided quantity of carbon dioxide was formed during fermentation in each 
solution. This last noted product becomes of interest, and I may say of importance, when 
considered in relation to the recent researches of Dr. Munro, Professor P. F. Frankland and 
Mrs. G. C. Frankland, Mr. Warrington, and M. Winogradsky, already referred to, on the nitrifi- 
cation of ammonia in the absence of organic matters. These observers have all shown that the 
product of fermentation of ammonia in the absence of organic matter is invariably nitrous acid ; 
and Winogradsky has supplied quantitative proof that the nitrous organism produces organic 
matters from inorganic materials, about thirty-five parts of nitrogen being oxidized for one part 
of carbon assimilated from ammonium carbonate. In the above Tables we see that the nitric 
fermentation therein illustrated is accompanied by the formation of very distinct volumes of 
carbon dioxide, just as was noted in reference to the second experiment recorded in Table III. 
The question arises, what was the nature of the organic matter from which this gas was 
derived. 


From the next series of experiments, which I shall have to describe, we shall find evidence 
which goes to show that the organic matters which undergo change during a second stage 
fermentation of the character above illustrated, have themselves been formed during a first-stage 
fermentation under aérobic conditions. 


The results recorded in Table V. for solution 1/4 require special reference, as they 
appear to be exceptional when compared with those afforded by the other solutions of the 
series. 


Thus, relatively less carbon dioxide was formed in it; and the total inorganic nitrogen found 
after fermentation was decidedly less than that present before fermentation, the quantities being 
0:00583 and 0:00670 parts per 1,000 respectively. On the other hand, the volume of dissolved 
oxygen actually absorbed was relatively similar to that absorbed in the other solutions. 


The exceptional results here apparent are not, I consider, due to experimental errors, they 
are rather to be ascribed to a difference of type, or phase, of a second-stage fermentation. 











* The numbers in this column have been calculated on the assumption that N as N,O;, shown to have 
been Jost during fermentation, was completely oxidized to N,O;; and the figures in the next column have 
been calculated on the assumption that the oxidation of the N,O; took place according to the equation 
N,0,+ 0, =N,0;. 

This gives 0°8 c.cs. oxygen required to oxidise 0°001 grammes N as N,O3 to N.O,. 

+ The numbers in this column give the N,O, less the loss of N,O, during fermentation, and it is assumed 
that these quantities were derived from ammonia. The numbers in the next column have been calculated on 
this assumption, as already explained. These four columns have been added simply for the purpose of 
approximate comparison. 

It will be observed that the total N as NH; and N,O, lost in the case of each solution, except solution 
1/4, is nearly equal in quantity to the N as NO, formed. 
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In the other solutions of this series we have apparently one and the same type of nitrogen 
fermentation taking place, viz.,a fermentation of NH, and _N.O; into N,O,, accompanied by a 
fermentation of organic matter. In the solution under discussion we have also this type of 
fermentation occurring, but, apparently, in addition, another type, viz., the oxidation of ammonia, 
and possibly also of nitrous acid to nitric acid, accompanied by a fixation of small quantities of 
inorganic materials, presumably to form organic matter, as Winogradsky has shown takes place 
in the nitrous fermentation of ammonia in the absence of organic matter. 


That a number of variations are possible during the fermentation of NH, and N,O, in the 
presence of organic matters that have undergone the first stage of fermentation, I shall show by 
further experiments. 


Regarding the method of examination, illustrated by these experiments, simply as am 
analytical probe, it is quite evident that it affords the means of differentiating the character of 
fermentable matters in waters, and approximately estimating their amount, to a degree quite 
beyond the power of any other method. Thus, when the samples of raw and filtered sewage 
water were examined by the methods commonly used, the following results were obtained :— 


Constituents expressed as parts per 1,000. 














Untreat: d Filtered 
Sewage- Water. Sewage-Water. 
Free ammonia - : “ : - - - 0°0475 0:017 
Albuminoid ammonia — - § : . - 0-005 0:0012 . 
Oxygen absorbed from standard KMnOy, acting in or ARs : esi 
the cold for three hours - : - - 50-2 c.es. 16:2 c.¢s. 








It is impossible, of course, to draw any conclusion as to the character of the organic matters 
in either sample from the above results. They do not even give any definite idea of the actual 
quantities of the organic matter in the samples, neither do they afford the means of estimating 
the influence which such liquids would exert in river-water when discharged into it. While, on 
the other hand, the results afforded by the experiments of Series II. and IIL. above described, 
give complete answers to each of these points. They show that, on the one hand, the untreated 
sewage-water underwent a first-stage fermentation before true nitrification, and therefore 
contained matters which would set up putrefaction if the supply of atmospheric oxygen to all 
parts were restricted, and that on the other hand, the filtered sewage-water did not, but nitrifica- 
tion alone, and that therefore putrefaction was impossible in the liquid, even when the. supply of 
dissolved oxygen was restricted. They further show the exact volumes of atmospheric oxygen 
required for the complete fermentations in the untreated water, and that required for the 
complete fermentation in the filtered water, giving at the same time the quantities and character 
of the products of fermentation. 


The next series of experiments which I have to describe were made with solutions of 
definite chemical compounds, and it will, I think, be also of advantage. to. discuss them, not. in 
their chronological order, but in such a way as may best serve to bring out the points I am anxious 
to establish in this research. 


I will therefore first describe a series of experiments carried on with a solution of asparagine 
and crystallized potassium sodium tartrate. A strong solution was made up containing 0-066, 
and 0-141 grammes of these bodies, respectively ; also 0-1 gramme of potassium phosphate per 
litre of solution ; only two dilutions were made from this, it being determined to commence the 


experiments with a considerable quantity of each solution in several bottles, and if necessary, 


after determining the products of a fermentation, to re-aerate and analyse, and to put up again in 
smaller bottles for a further fermentation. It was hoped by this means to gain, more especially, 
definite information on the question whether ammonia was formed during the first stage 
fermentation of a nitrogenous substance, in the continued presence of ,an excess of dissolved 
oxygen or not. 


There were other reasons for making this modification in detail of the method of examination 
which will appear as the results of the experiments are considered. 


eo full particulars of these experiments are given in the subjoined Tables VII. and 





No. of 
Experiment. 
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Serres IV.—CommMENCED MARCH 6TH, 1894. Dr. Adeney. 


Taste VII. —Experiments with Asparagine and Sodium Potassium Tartrate. 


Solution A contained 0-066 grammes asparagine, r 
0141 ,, sodium potassium tartrate, eryst., + per litre. 
O01 », potassium phosphate. 








Nature of Experl- | CQ, | 0; -|- Ny -N/as: NH,IN as N,O,|N as N,O,| Remarks. 


Date of com- 
mencement and | 
of conclusion of 

Experiment 











March 6 | Solition A, as 
above (in tap- 
water) - -) 11:21} 7°86 | 15°93 0-0 0-0 | 0°0001 


Liquid very 
turbid, but 
free from 
odour. 


mentation - -| 26°73 0:05 | 16-13 | 0-00932?| 0-0 oo 


» 12}|Same after  fer- | 
Differences - | +15°52|—7-81 — |+40-00932 cea ms 





» 12 | Remainder of pre-- | 
ceding solution, | 

after fermenta- 

tion, re-aerated, 

ao A’ 3 - - | 26°62] 7°36 | 15:14 | 0-00957/} 0°0 | 00 


» 13 | A’ after fermenta- 
tion - - TAP SEL ed? Gl 15230 J 40-0108,221-0"0 0:0 Ditto. 


;, 14] Another bottle of 
A’ after — fer- 
mentation from 
Mareh 12 - If. | 40°15] 0:05 | 15°16 0:0102? | 0:0 0:0 Ditto. 

Differences I. |+10°54|-5-°84 — |+0°0013? — ; — 
Differences II. |+ 13°53) - 7°31 — |+0:0007? — — 


», 14} Remainder of solu- 
tion A’ (Mareh 
14) diluted with 
equal volume of 
distilled water 
and aerated = 
A’/2 - - - | 20°62] 7°81 | 16°11 | 0°0032 0-0 0-0 


» 19}|Same after fer- ; 
_MIentation - I. | 32:21} 1°72 | 15-92 0-0045 0:0 ; 00 Faint sour 
odour, tur- 
» 19} Another bottle of bid, 
A’/2 after fer- : 
mentation If. | 32:01] 1°56 | 15-89 | 0:0038 0:0 00 Ditto. 
Differences I. |+11'59|—6:09 —- /|+0:°0013 =a <T 
Differences IT, .'+11'39] — 6:25 — |+0:0006 — mara 














3» 19 | Remainder of liquid 

from two preced- | | 
ing analyses, | 

mixed and 

aerated = - - | 29:06| 7°56 | 15-60 | 0-0020 0-0 | 00 


} April 12 | Same after  fer- FI 
mentation - - | 36°75| 0-00 | 15-40 | 0:0056 0:0 00 No distinet 
Differences - |+ 7°69|- 7°56 pa 0-0026 — — odour. 


» 12 | Remainder of pre- 
ceding solution 
re-aerated - - | 3142] 7:04 | 13-98 | 0:004 00 0:0» 


| August] | Same after _ fer- : 
mentation - - | 35:22] 0-0 | 14:10 | 0-0044 | 0°0015 | 00 Quite free 
Differences - |+ 3°80]-7°04 — |/4+0°0004 |+0°0015 — | from odour. 


» 1 | Remainder of pre- 
ceding solution 
diluted with an | 
equal bulk of 
distillel water 
and aerated - | 17-033) 6°11 | 12°67.) _ 0:0022 0'0009 0-0 





1895 
Jan. _4]Same_ after fer- 
mentation I. 16°69} 0:07 | 12°55 0:0 trace 0°002 





» 14] Another bottle of 
_ same after fer- ft 
mentation II. 16°79! 0:05 | 1263 0.0 0°00016 0'00204- 
Ditterence I. |— 0°34] -—5:-94 — |-—0°0022 |-0:0009 |+0,002 

Differences II. |— 0:24]-5-96 — |-0:0022 |-0:00074) | +0°00204 
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TABLE VIII.—Laperiments with solution A diluted with tap-water. 











i inal 
re 
ar ae =| 
#/ 8eqg 
 § Se.38 
ae 7 - ne 
=| 9 4.5 | Natureof Experi- | gg | 9, N, |NasNH,|N as N,O,|N as N,O,| Remarks. 
° 2 2 2 3 2s 25 
ce Bae ment. 
As S$ae 
a) Sa ox 
a) Ae oe 
° | 











la | March 6 | Solution A from 
Table VII., dilut- 
ed with tap-water 
in the proportion i 
of 1:9 vols. - - | 465 | 7°86 | 15°93 0-0 0-0 00001 


», 15 | Same after fermen- 
tation - -| 9°32] 4°52) 15°75 0:0008 | 0-0 0°0001 | Slightly tur- 


bid, no odour. 
Differences - | +4°67 | -3°34 — + 0°0008 —— = 


2a » 1& | Remainder of pre- 
ceding _ solution 
aerated - - | 9°05.) 7°35 | 15°64 00008 (3-() 0:0001 
May 17 | Same after fermen- 
tation - - - | 12°28 2°06 | 15°47 0-0 0-0 0°0015 
Difterences - | +3-03 | 5-19 -- -0:°0008 _ +0°0014 


——— —— |}. |} | -—— |] -__ LL __", 





3 


8 


March 6 | Solution A from 
Table VII., dilut- 
ed with tap-water 
in the proportion 
of 1:19 vols., I. 4°29 | 7:86 | 15°93 0-0 a) 90001 


» 20 |.Same after fermen- : 
tion, - =e LiL? 6°86 | 5°63 | 15°94 00008 0-0 00001 
Differences - | +2:57 | -2°23 aS +0°0008 = bale 
4a », 20 | Remainder of pre- 
ceeding solution 
immediately trans- 
ferred to a smaller 
bottle, and after 
further fermenta- , 
April 30 | tionagain analysed! 8-04 | 4:02 | 15-861] trace 0:00048 | 0:00042 














Differences (from 
IL.) - = SS 163 -- -0°0008 | +0°00048 | +0:00032 








Continuing the train of thought suggested by the three preceding series of experiments, 
we may note in the first instance that the experiments recorded in the Tables VII. and VIII. 
afford further evidence that the fermentation, which may take place in a natural water containing 
unfermented matters n solution, under aérobic conditions, does so in two distinct stages. 

That ammonia, and not nitrous or nitric acid, is formed during the first stage of fermentation 
of nitrogenous organic matters, even in the continued presence of an excess of dissolved oxygen, 
is clearly proved by experiments 1, 2, and 3, in Table VII., and by la and 3a in Table VIII. 

We may note also that experiment 6, recorded in Table VII., affords another but more 
definite illustration of that phase of nitrification, which had apparently been set up in solution 1/4 
of Series III., and which, as I stated above, might afford an explanation of the exceptional results 
afforded by this solution. From the results recorded of this experiment 6, we see that an oxida- 
tion of ammonia and possibly also of nitrous acid, took place, and that at the same time small 
quantities of carbon dioxide, and also of ammonia, or of nitrous acid, or both, were fixed, no 
doubt, from W‘nogradsky’s experiments, to form organic matter. It is interesting to observe 
that in each experiment here quoted, the quantity of nitric acid formed is practically exactly 
equivalent to that of ammonia lost, and that the difference between total inorganic nitrogen 
before and after fermentation corresponds with the loss of nitrous nitrogen during fermentation. 
It is just possible from this, that, in nitric fermentation, nitrous acid may enter into the reaction - 
by which organic matters are formed from inorganic materials. But this requires further expert- 
mental investigation. 

Another point to be noted in reference to these two experiments is, that in one (solution 
1/4, Series III.) the volume of dissolved oxygen absorbed is decidedly in excess of that theoreti- 
cally required for the oxidation of ammonia to nitric acid, while it is a little less in the other 
experiment (6). This difference may have been due to a difference in character of the organic 
matter present in the two solutions, since there can be no doubt, from experiments I have yet to 
describe, that organic matters which have themselves undergone change during a previous first 
stage fermentation, exertise a marked influence on the subsequent stage of fermentation, or true 
nitrification, and that these fermented organic matters vary very much in chemical character, so 
far as nitrification is concerned, I hope to illustrate by further experiments. 

The quantities of carbon dioxide and inorganic nitrogen fixed in experiment 6 are small, so 
small, in fact, that the errors attending their determination are, unfortunately, much too 


appreciable to warrant an attempt to draw definite conclusions as to any quantitative relationshir 
which may exist between them. 


= 
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The modification in the method of experimenting employed for the Series IV. renders it pr. Aderey, 
possible, it will be seen, to examine the intermediate steps of both the first and the second stage 
fermentations, and to obtain important results. 

To confine attention, in the first instance, to the intermediate steps of the first-stage fermen- 
tation recorded in experiments 1, 2, 3, and 4, in Table VIL, we notice that during the steps 
represented by the first three experiments much larger volumes of carbon dioxide were formed 
than could be accounted for on the assumption that the fermentation in each case consisted of a 
simple oxidation effected through the agency of the active organisms present in the solution, 
upon a quantity of the organic matters equivalent to the volume of dissolved oxygen absorbed. 
Thus, the calculated ratio of carbon dioxide formed to that of the oxygen absorbed by the 
complete oxidation of the asparagine to carbon dioxide, water, and ammonia, and of potassium 
sodium tartrate, to its ultimate products of oxidation, are, respectively, as 1:33 : 1, and 1-6: 1, 
and if equivalent proportions of these two substances be oxidized at the same time, then the ratio 
becomes 1°465: 1. On the other hand the ratios of the volumes of carbon dioxide actually 
formed to those of oxygen absorbed, in experiments 1, 2, and 3, are as 2: 1, 1°85: 1, and 1°86 :1, 
respectively. While for experiment 4 this ratio drops nearly to 1: 1. 

It is quite evident, therefore, that, notwithstanding the fact that the earlier steps of the 
first-stage fermentation represented by experiments 1, 2, and 3, were attended throughout with 
aérobic conditions, changes other than those which would result from simple oxidation by the 
dissolved oxygen absorbed must have been set up in the organic matters present in the solution. 
These changes seem to have been complete by the end of the step represented by experiment 3, 
for the ratio of carbon dioxide formed to oxygen absorbed during the next stage, represented 
by experiment 4, drops suddenly to 1: 1. 





This ratio is so low that we are justified in believing that the organic matters which under- 
went fermentation during this last step were not unfermented portions of the matters originally 
present, but were themselves the products of the changes which we have seen must have been 
set up during the earlier steps of fermentation represented by experiments 1, 2, and 3. 


In experiment 5 it appears we have illustrated the completion of the first-stage fermentation, 
and the commencement of the second stage. Judging from the quantities of carbon dioxide, 
ammonia, and nitrous acid formed, and oxygen absorbed it is probable that nearly the whole of 
the first-named product should be referred to the first stage. Thus the volume of oxygen 
theoretically required to oxidize 0:0015 grammes nitrogen as ammonia to nitrous acid equals 
3585 c.cs. Deducting this from the volume of oxygen shown by the experiment to have been 
absorbed, we get 3°455 ¢.cs., while the volume of carbon dioxide formed was 3°8 c.cs. These 
volumes approach sufficiently near in proportion to those which are recorded for the preceding 
experiment 4, to allow us, I think, to regard them as indicating the volume of oxygen absorbed, 
and of carbon dioxide formed during the conclusion of the first-stage fermentation, without 
introducing serious errors. 


If this assumption be allowed, we can sum together the volumes of carbon dioxide formed, 
and of oxygen absorbed, during each of the steps of the first-stage fermentation represented by 
experiments 1, 2, 3, 4,and 5, and obtain the total volume of carbon dioxide formed, and of 
oxygen absorbed, by the complete first-stage fermentation of the two organic substances originally 
present in solution A. Thus :— 











vily co, 0, 
Experiment 1 - - - - - - - 15°52 7°81 
if 2 - - - - - - - 13°53 731 

4 SreeayeeA pPlgmes oll. ba Kryulint 22-98 12°34 

Ps 4 (x 2) 15°38 15°12 

43 S(% 2) \, - Ras i - : 7°6 6°91 
Totals - . - - - 75-01 49°49 





_ | _. eiltie eae a 

The total volumes of carbon dioxide formed, and of oxygen absorbed, at the conclusion of 
the first-stage fermentation, we then see are 75-01 and 49°49 c.cs., respectively. The ratio of 
these numbers to one another is as 1-52 : 1, which approximates to the volumes of carbon 
dioxide and oxygen, which, as I stated above, would be respectively formed and absorbed, 
were the two substances present in solution A directly oxidized completely to the ultimate 
inorganic products, carbon dioxide, water, and ammonia, v1z. AAG Gus Ie 


It appears then, from this, that notwithstanding the fermentative changes which were set 
up in solution A other than those which would result from simple oxidation during the earlier 
steps of the first-stage fermentation, the total volume of carbon dioxide formed, and of oxygen 
absorbed, resulting from the complete first-stage fermentation of the two substances present in 
the solution, bear approximately the same proportion to one another as if the fermentation had 
zonsisted throughout of a simple and direct oxidation by the oxygen absorbed acting upon an 
equivalent quantity of the mixture of the two substances originally present in the solution. 

On turning to the results of the experiments with the dilute solutions of A recorded in 
Table VILL. we observe that dilution seems to exert a very decided influence on the course, 
more especially of the earlier steps of the first fermentation 


Dr. Adeney. 
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Thus, from the first experiment with solution A diluted to 1 in 10, it-is probable from the 
quantities of carbon dioxide and ammonia formed, that the first stage had 1un through but little 
more than half its course, but notwithstanding this, the ratio of carbon dioxide formed to oxygen 
absorbed is as 1-4: 1. 

The influence of dilution: is. still more markedly shown by the results recorded from 
experiment 3a with solution A diluted to 1 in 20. This experiment had been allowed a decidedly 
longer time for fermentation ; and it seems probable from the quantity of ammonia formed, that 
the first stage had nearly run its complete course. . : 
The ratio between the above two gases, respectively, formed and absorbed becomes as 
115: 1. 

It seems then from these two experiments that in the fermentative changes that were set up 
in the earlier steps of the first-stage fermentation of these dilute solutions, the dissolved oxygen 
took part to a degree increasing with the dilution, and that the resulting compounds were in all 
probability more highly oxidized than those formed during similar stages of fermentation in the 
undiluted solution A. 3 

On examining the results of the further experiment (4a) with the more dilute solution, 
recorded in Table VIII., we find evidence to show that the organic matters which are formed 
during the first stage in so dilute a solution, may themselves undergo further change during 
nitrification, and give rise to the formation of carbon dioxide coincidentally with the oxidation of 
ammonia. 

But it is of importance to note that from the quantity of nitrous:and nitric acids formed 
and of oxygen absorbed, in experiment 4a, the formation of this carbon dioxide could’ ‘not, 
have been attended with the absorption of any but a relatively extremely small volume of 
oxygen. . 
ais turning to the results obtained from the second experiment (2a), with the less dilute 
solution, we find evidence of a similar nature recorded. . 

It may be urged, and rightly so, that from the, way. in which the second experiment (4a) 
with the more dilute solution of A was carried out, the volume of oxygen absorbed during 
fermentation, recorded in Table VIII’, is probably too low. . 

Unfortunately the quantity of liquid left from the experiment 3a was not sufficient to allow 
of re-aération and analysis in the usual way before rebottling; hence, the necessity of 
carrying out experiment 4a in the manner described in the Table. During the operation of 
transferring the liquid to a smaller bottle, it, no doubt, absorbed a. small quantity of oxygen 
from the air. This would not, of course, be accounted for by the results recorded in the Table, 
and therefore the objection that the volume of oxygen given as absorbed during fermentation 
is probably too low. 

I feel confident, however, from experiments which have, from time to time, been made in the 
course of my work, and which have given me the means of estimating the error attending the 
operation here described, with a liquid containing so much dissolved oxygen as this one did at the 
time of re-bottling, that the error certainly does not exceed 0°5 ¢.c. 

It has already been pointed out, when discussing the results of the experiments with the 
filtered sewage-water, recorded in Table V., that the second-stage fermentation was accompanied 
by the formation of a decided quantity of carbon dioxide. It therefore appears from this 
that filtration affects the earlier steps of the first stage in much the same way that dilution does, 

It is of importance to note in relation to the objects which I have had in view in the carrying 
out of this investigation, that, notwithstanding the variations in the chemical changes which these 
experiments with the solution of asparagine and tartrate have shown to be possible during the 
intermediate steps of fermentation, according as the quantities of fermentable organic matters and 
of atmospheric oxygen are varied, relatively to one another, the total quantities _ of 
carbon dioxide formed, and of oxygen absorbed, during the whole course of fermentation may, 
for practical purposes, be taken as independent of such variations, provided that aérobic 
conditions be maintained throughout the complete course of fermentation. 

This will be readily seen when the products of the complete fermentation in each dilute 
solution are multiplied so as to render them comparable with those obtained from the undiluted 
solution A, thus :— 














Solution. Experiment. CO, O,=to N,O, | O,=to N,O,; | O, absorbed. 
A/10 la (210) Sees oe 467 0-0 | Om 33-4 
a Ohya ea ee 30°3 0-0 44-66 51-9 
Totaly? (VO bole [Ovpgren ole 05.4 Magia Oma ent Ota 
A/20 Ba (x <20) obo od Digoke opqty 0-0 0-0 44-6 
- 4a (x 20) O7F4 a 23°6 22°94 20-42 326 
Totalé jye:is- aiore fire HOow dhid w229d) ace copads eho ae 











— 


We find from the above Table that the total volumes of carbon dioxide evolved during the 
whole course of fermentation in the dilute solutions, when multiplied so as to render them 
comparable to the volume of the. same gas evolved by the undilute solution A, are practically 
equal to one another, and also to the volume evolved during fermentation in the undiluted 
solution. They are respectively equal to 77, 75, and 75 c.es. 
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With reference to the oxygen absorbed during fermentation, it will be seen that, in Dr. Adeney, 
experiment 2a, the second stage was complete ; and the total volume of oxygen absorbed during both = ~~~ 
the two stages, when multiplied by 10 for the purpose already explained, amounts to 85-3 ¢.¢s. 

In experiment 4a the oxidation of the nitrogen was not quite complete. 

If, however, we add to the volume of oxygen given in the above Table, viz., 77-2 c.cs., the 
volume of oxygen theoretically required to oxidize the nitrous acid formed in this experiment to 
nitric acid, viz., 7°68 c.cs., we get a total volume 84°88 c.es., which approximates to that given for 
the less dilute solution. 

The experiments with solution A do not, unfortunately, give the means of estimating the 
oxygen absorbed during the second-stage fermentation. 

The carbon, both in the asparagine and tartrate employed in these experiments, was care- 
fully determined by combustion inthe ordinary way before commencing these experiments. The 
total organic nitrogen in solution A was also determined by Kjeldahl’s method. 

From these determinations it was found that the organic carbon per litre of solution was. as 
follows :— 


0-966 grammes asparagine = 0-0225 grammes carbon, ! 
equivalent to 85°37 c.es. CO, 
0141 “ tartrate = 0°023t - - ¥ 


Organic nitrogen ~~ = 0°139 " per litre of solution. 


As already shown, the volume of carbon dioxide formed by the complete fermentation of 
these quantities of asparagine and tartrate may be taken as equal to.75 c.cs. 

This volume approximates sufficiently close to 85°37 ¢.cs., the volume which would be formed 
by the complete oxidation of similar quantities of the same substances, to warrant us in regarding 
it for purposes of water analyses, as a quantitative expression of the amount of substances 
originally present in the water. 

The solutions experimented with ‘contained minute quantities of peaty colouring matters 
besides the substances added. These matters, however, probably underwent little, if any, change. 

I may here note that the volume of carbon dioxide formed by the fermentation of the peaty 
matters in the tap-water employed for making up the dilutions may be taken as about 1 ¢.c. per 
litre (see p. 561). 

With reference to the quantities of ammonia, nitrous and nitric acids formed during fermen- 
tation, we observe that in experiment 3a, the quantity of nitrogen recorded as amraonia_ is 
approximately equal to that of the organic nitrogen originally present. The same may be said of 
the nitric nitrogen recorded in experiment 2a, and of the nitrous and nitric nitrogen recorded in 
experiment 4a. The ammonia determinations recorded in experiments 1 and 2 in Table VIII. 
are unreliable. They are probably much too high owing to the possibility, which was unfortu- 
nately recognised too late, that although the asparagine itself suffered no appreciable decomposition 
when the original solution A was distilled in the presence of borax, the compounds formed from 
it by partial fermentation would, and thus give rise to an evolution of ammonia which did not. 
exist as such in the original solution. 

To avoid this possible source of error as much as possible, it was determined to nesslerize 
small portions of the solutions diluted with as large volumes of pure water as possiole. The 
ammonia determinations recorded for all experiments after No. 2, both as regards the solution A 
itself, and with the diluted solutions made from it, were obtained by this means. 

On summing up the results obtained from this series of experiments, we find they afford 
additional evidence in support of the conclusions which it was possible to draw from those afforded 
by the three preceding series of experiments with sewage waters, viz., that, when the dissolved 
oxygen is in excess relatively to the fermentable matter. present in a water, the quantities of 
carbon dioxide and nitric acid formed, and of oxygen absorbed, after complete fermentation, may be 
taken as directly proportional to the quantities of the fermentable matters originally present in 
the water. 

We have also evidence in these results which goes to show that the quantities of carbon 
dioxide and nitric acid formed on complete fermentation may be taken, for the purpose of water 
analysis, as quantitative expressions of the fermentable organic carbon, and of the total organic. 
and inorganic nitrogen originally present inthe water. This last conclusion is also supported by 
all the preceding series of experiments. 

_ We see, however, from the results obtained from these solutions of known strength and 
composition, that the conditions of experimenting must be strictly laid down, and adhered to if 
definite conclusions are to be drawn, because :-— 


1. We learn that the volume of carbon dioxide evolved during a first-stage fermentation, 
relatively to’ a given volume of oxygen absorbed, may vary, even under continued aérobic 
conditions, with the relative quantities of fermentable organic matters, and the dissolved oxygen 
originally present in the water. hs) 

When the first stage of fermentation is carried on under conditions such as obtained in the 
experiments with solution A, viz, the presence of a considerable excess of fermentable organic 
matters, relatively to the oxygen present, during the earlier steps of the fermentation, we find that 
the organic carbon present in the solution may be almost completely. oxidized to carbon. dioxide 
during the said first-stage fermentation, and that little or none of this gas is formed during the 
after-fermentation of the ammonia in the.same solution. 

When, on the other hand, the conditions at the commencement are reversed, viz., the-oxygen 
is large relatively. to the fermentable matters present, we see from the experiments with the 
dilutions of solution A, and from those with the filtered sewage-water used in Series III., that 
the oxidation of the organic carbon to carbon dioxide during the first stage may be far from 
complete before the commencement of the second stage of fermentation, but that the organic 
matters undergo, partially at least, an intermediate stage of oxidation, and that the oxidized 
matters which result suffer further change during nitrification, and give rise to the formation or 
decided volumes of carbon dioxide. 
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Dr. Adeney. 2. We also learn that, under the same conditions, not clearly defined by the experiments In 


question (solution 1/4, Series III., and exp. 6, Series IV.), carbon dioxide and ammonia, and 
possibly also nitrous acid, may become fixed, even in the presence of organic matters (fermented) 
presumably to form organic matter. 


At the same time we are warranted in believing, from the results hitherto considered, that 
when a number of dilutions of a water under examination are experimented with, as was done 
with the samples of sewage-waters above examined, a series of results are obtained which reveal 
at once an exceptional course of fermentation, such as that shown by solution 1/4 in Series IIT., 
and from which definite and valuable conclusions may be drawn as to the character of the organic 
matters present. 


The experiments I have next to quote were made with a view more particularly of gaining 
further evidence in addition to that already given, as to the relationship between the quantity of 
inorganic nitrogen formed by the fermentation of sewage-waters under continued aérobic 
conditions, and that of the total organic nitrogen originally present. These experiments were 
made with three samples of partially-purified sewage, from the same sewage-works. Each semple 
was filtered to separate matters in suspension, and diluted with tap-water in the proportion of 
1 to 49 respectively. The dilutions were marked for reference, §,, S,, and Sean 


The total organic and ammoniacal nitrogen in each dilution was determined at the time of 
bottling, by Kjeldahl’s method, and the ammoniacal nitrogen by direct nesslerization. 


The following results were recorded :— 


Ss, = : - Organic nitrogen per J,000 c.es. of solution = 0:0016 grammes. 
Sp ” ” ” ” ” = 0°0020 ” 
S; . 7 S ” ” ” ” a) = 070006 ’ 


The particulars of the experiments are recorded in the subjoined Table :—- 

















TABLE IX. 
EM Eee ee UCU, 
‘ é N N N 
Solution. Date. | CO, | O, | aNY as NH, as N,O, | as N O; 
Dy =)" Nov 1670894 © = 5°89 6°77 16°64 0°0012-4 0-0 0-0002 
be - -| Jan. 16,1895 - 10°48 3°62 15°50 0:0023 | trace. 0:0002 
Differences - | +4°5Y —3°15 —1:14 | +0°0011 oe 0:0 
Ss. ~ =} Nov.alObS94s = 7°85 1535 16:10 0:0036 | 0-0 0:0002 
Fa - - | Jan. 21,1895 - 15:18 0-15 15°16 0:0046 | 0:00112| 0:0004 
Differences - | +17:33 e128 —0°94 | +0001 |+0:00112| +0 0002 
Sy NOV 604 ene eS 7:44 16:06 0:001 0:0 0:0004 
a => | DAN 4a BOL 8°63 2°46 15°18 0:0001 0:0 0:0018 
Differences - | +1°50 — 4:98 —0°88 | —0:0009 —_ +0:0014 
Tap-water | Nov. 17,1894 -| 5-01 780 | 15°96 | 0-0 0-0 0-0002 
» » Li Jane 23, 1895 ee 5°11 112 16°01 0:0 0:0 0-0002 
yitigl Le). Marchi A pit QB tesa 5:20 7°60 16:03 00 Od) 2p 00-002 














——. 


So far as the relationships between the quantity of organic nitrogen originally present in a 
water, and that of the inorganic nitrogen which finally results from its complete fermentation are 
concerned, the above results do not do more than afford additional evidence of the general 
conclusions which those of the preceding experiments have yielded, viz., that much of the greater 
portion of the fermentable organic nitrogen in a water, is converted into inorganic nitrogenous 
bodies. It is impossible, it is to be feared, to obtain more accurate results, with the present 
known method for the nitrogen determinations, whereby any more definite inference as to this 
relationship can be drawwAhan the general one just given, since the errors attending the various 
determinations required become very much too appreciable. 


Notwithstanding, however, this want of precision in the nitrogen determination, the 
experimental details, quoted in the above Table IX., when considered together afford most 


valuable information as to the character and quantity of fermentable matters present originally 
in the respective solutions experimented with. 
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Thus, for each solution we have a loss of oxygen determined with great accuracy. That p, 


recorded for the solution 8, gives the volume of this gas required for complete fermentation, 
while the loss recorded for each of the other two solutions is seen to cover only a partial 
fermentation of the matters present. The volume of oxygen required for the complete 
fermentation of these two solutions could have been determined by additional experiments ; 
and with the data which would have been thus obtained, we could have contrasted the three 
solutions as to the total volume of oxygen required for complete fermentation, or, what is of 
much greater importance, as we have seen already, in the analysis of water polluted with such 
matters as sewage, we could have distinguished the volumes of oxygen required for each of the 
two stages of fermentation in each. 


FIXATION OF ATMOSPHERIC NITROGEN. 


There are other results which these experimental solutions have furnished, to which the 
greatest interest will be attached, viz., those afforded by the atmospheric nitrogen determinations. 
These show that very distinct quantities of that gas were absorbed during fermentation in each 
solution, and they are, so far as I know, the first recorded observations showing directly that 
atmospheric nitrogen may be absorbed during bacterial fermentation.* 


On reference to the Table IX. it will be seen that the loss of nitrogen was 1:14, 0°94, and 
0°88 c.cs., for the three solutions respectively. These numbers are much too high to ascribe to 
experimental errors, and in proof of this I have appended to the results obtained with the 
_ experimental solutions those afforded by samples of the tap-water employed for making the 
dilutions, which were bottled and kept under exactly similar conditions. 


In reference to these experiments with the tap-water, I may note that they afford additional 
evideuce to that already given, that the minute quantity of peaty matters contained therein 
really undergo slow fermentation to a degree, which begins to be indicated by the method of 
observation which I have employed in these experiments, after about four months’ keeping. 


FIXATION OF CARBON DIOXIDE AND OF AMMONIACAL NITROGEN. 


There is yet one further point of interest which I have to mention in reference to these 
' solutions, namely, an additional experiment which I made with the portion of the solution %,, 
which remained after the various analyses had been made on the day recorded, viz., 
January 21st. It will be seen on reference to Table IX. that the solution on that date was very 
similar in composition, so far as the probable character of the organic matters, and also so far 
as the composition of the inorganic nitrogenous bodies it contained, was concerned ; to those in 
which we have already observed a fixation of carbon dioxide and inorganic nitrogen to have 
occurred during fermentation, viz., in solution 1/4 and in experiment 6, recorded in Tables V. 
and VII. respectively. In order to ascertain whether a similar action would take place during a 
further fermentation of solution S,, the remainder mentioned above was re-aerated and bottled, 
and analysed before and after keeping, with the following results :— 

















Date. | CO,. | O,. | Ny. | N as NH. | N as N,Os. N as N,O;. 

January 25, 1895 - a NBO 7. 76 15°22 0:0045 0:00128 0°0006 
March 1, 1895 - - - 9-90 0:0 15°25 0:0027 0:00128 000182 
Differences - -| -0°76..| -7°7 — -—0:0018 — + 0°00122 











From the results just given, it will be seen that a fixation of carbon dioxide and ammoniacal 
nitrogen really occurred, as was anticipated, during further fermentation, but that apparently the 
nitrous nitrogen, unlike that in the case of the two solutions above referred to, did not take part. 


Before passing on to describe my experiments with waters containing considerable quantities 
of peaty matter, I will give some further experimental results, which will be found to support 
the general conclusions which have been drawn from those already considered. 














* Since the above was written, M. Winogradsky has published a paper degcribing the isolation and 
properties of a butyric ferment, which has the power of fixing free nitrogen.—Arch. Sciences Biol. 1895, 3, 
297-352 ; also Chem. Soc. Jour. Abstr. 68, 283. 
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The full details of the experiments are recorded in the subjoined Tables :— 












































doubt, from the nitrate, and possibly also, in the case of the Jatter dilution, from the ye in the tap-water. 

Owing to the length of time (just two years) the dilutions 1V./40 and IV. /80 were kept, there can be little 
doubt, since an excess of oxygen was present in each, that the peaty matter in the tap-water employed for 
their preparation underwent fermentation as well as the tartrate. This will account for the nitrates formed 
in these solutions, and also for the relatively Jarge volumes of carbon dioxide found therein, compared with 
the less dilute relations. (See Table XIV.) . 

The considerable differexiees shown by the atmospheric nitrogen determinations in the case of the dilute 
solutions, may be, partially at least, due to fixation, but this may also be due to greater errors than those 
commonly arising, owing to the very long time the solutions were kept. 





* This volume of oxygen was probably not all consumed by the fermentative process. SH, and other 
reduced products of putreiactive fermentation were present at the commencement of the experiment, and a 
portion of the oxygen was, no doubt, taken up by the direct oxidation thereof. 


Dr. Adeney, 
SERIES V.—COMMENCED 27TH. JUNE, 1894. 
TABLE X.—LEaperiments with diluted. Sewage-Water. 
'B Date of Com- 
Be ae pATaeetbe a 2 CO 0 el N Nae N 4 
- and of con- ature of Experiment. : EMARKS. 
S g clusion of Ex- : : as NH; | N2Os. jas N2Os. 
S periment. 
4 
1 | June 27, 1894| 1 volume of sewage | 76°80 4:50 | 13°85| 0°02 0-0 0:0 Odour 
water, diluted with 2 slightly 
volumes of distilled offensive. 
water, and aerated 
Aug. 30, ,, | Same, after fermenta- | 104-96 | 0:00 | 13°68] 0022 |,0-0,| 0:0 || Very offen- 
tion sive odour 
Differences +28°16 | - 4°50 + 0-002 | : of putrefac- 
' tion and 
. Hi. 
2 | Aug. 30;-,, | 1 volume of remainder | 33:79} | 5-37 | 14:42], 0-008 |..0:0.|).0-0 + Distinet 
of preceding solution, es odour of 
after . fermentation, L,. * 
diluted with2 volumes vey 
of distilled water, and 
aerated de 
Noy. 2];' ,, | Same,* after fermenta- | 38°62 0:0 | 14:22 0012 4.00 f 5.000% Offensive 
tion odour, of 
Differences... | + 4°83 | *-5°37 | ... [+0004 Be putrefaction 
and SH,. 
3 | Noy. 21, ,, | Remainder of preceding 8°94 7°39 | 15°17] 0:003 | 0:0 0:0 
solution, diluted. with | 
three times its volume 
of distilled water 
Jan, 12,,1895 | Same, after fermenta:|  9°54.|- 1:34 | 15-02] 0:0 | 0-0 | 0°0015| Quite free 
tion from odour. 
: Differences -» [+ 0°60 | -6°05]} ... |-0°003 |] ... |+00015 i 
x - - . 
SERIES VIL—ComMMENCED 30TH DECEMBER, 1892,...« és 
TABLE X].—LZaperiments with Potassium Sodium: Tartrate. .- 
Solution IV. contained 0°1 grammes carbon as potassium sodium tartrate (eryst).) 2. 
: Fe sodium carbonate, I per litre. 
Or = potassium phosphate, 
Date of | 
conclusion of | Solution. Geran? . O, Ne Bega ee 
E ; I. It ity ves Ber ty. 1 a. I Hise} 4 IL 
xperiment. 
Aug. 10, 1893 IV. 2242 | 40-84 | 8-40| 0:00 | 16-72 | 16-87,| 0-0 | 0-0001 | 0-0001 | 0-00 
Differences - +1842 — 8°40 os en | +0°0001 _ -0°0001 
April 4, 1894 IV./5 7°49 |-32°55 8:40 | 0:00 16°72 | 16°47 0:0 | 0:0005 | 0:0001 | 0:00 . 
Differences - + 25°06 — 8°40 to ie +0°0005 — 00001 | 
ADT 4, an. IV./10 5°62 | 23°17 8°40 | 0-00 16°72 | 16°48 6-0 | 00004 | 0-0001 | 0-00 G 
Differences - +4705 - 8-40 Betts +0°0004 - 00001 ~ 
Dee, 21) Fy, IV./40 4°23, 9°35 8°40 | 1°94 16°72 | 16°25 0-0 | 0-0 00001 | 0:0006 d 
Differences: - + 5°23: ” 26°AG) Aor Qe Suk te, Hit Sa . + .0°0005 ; 
Dec. 21, 4, |  .IV./80 3-99 | 7:84} 8-401 5-49 | 16-72) 16-47 | 0-0 |.0:0 | 0:0001. | 0:0006 - 
Differences - + 3°85 - 2°91 os ae: i a + 0°0005 i 
REMARKS.—The ammonia formed during fermentation ‘in dilutions’ IV./3:and IV. /10 was derived, no | 
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SERIES VIJ.—CoMMENCED 30TH DECEMBER, 1892. 
eee XII.—Ezperiments with Potassium Sodium, Tartrate, and Ammonium Chloride. 


Solution B containing 0:0468 grammes carbon as potassium tartrate (cryst.), 
0°01 








nitrogen as ammonium chloride, : 
ewig = ae sodium carbonate, ee he 
0:10 potassium phosphate, 
sabe of CO, O, N, N as NH, N as NO; N as N,O, 
conclusion 6 
of Experi. Solution. 
ment. I, TI. I TW.) ?4. II. I II. i II. Ei II. 
1893 
“May 5 B /21°45 | 44-16|8-45 | 0-0 }1681 | 16°68 0-01’ ~ | 0-0095 | 0-0001 | 0-00 | 0°00 | 0-00 
Differences +22°71 — 8°45 Be a es es ret BID 
Atiisattesl ~ B/5 | 7:30 | 21°99|8-46 | 0-0 | 16°81 | 16° ore 3002 | a 0:0001 | 0-00 0°00 | 0-00 
Differences +14°69 — 8°46 - 0:0 -0°0001 oy, LOE 
OT} edu B/LOds5- 38 | 13:59 |8°46 | o" 07/ 16°81 1s] 16°62/0-001 | 0-00005) 0:0001 |.0:0004. | 0-00 |.0-0N06 
| Differences 8-06 -7'7 — 0°00 -+0:0003 + 0:0006 
a5 20 _~=&B/Is a . 10°49 8° 46 | 3:39}16°81 ae 16° 63 thie | 0°00 0°0001 | 0:00047) 0:00 | 0:00048 
| Differences 5°55 — 5:07 00067 +0:00037 © +0:00048 
Nyt? B/20 | 4°64 | 8°63|8°46 | 4°35/16-81 | 16°62|0°0005 | 0:00 — | 0-0001 | 0:0008 | 0-00 | trace 
Differences + 3°99 = 4-}) Ra es — 0:0005 +0:0007 +trace 
5 16 fe By4O f 4-20 7-623 8:46 | 6:16 108171660 0.00025" +000 0-0001| 0:0005 0:00. [0°00 
Differences + 2°03 -~ 2°10 ‘ ~ 000025 +0:00045 on 





REMARKS,—It will be observed that’ solution B* contained’ practically a similar quantity of organie 
carbon to solution A (Table VIZ), and on‘‘comparing the ‘volumes of: carbon: dioxide formed on complete 
fermentation of the tartrate in these solutions with those ‘obtained from the tartrate and asparagine in 


solution A and its dilutions, they will be found approximately equal thereto. (See also p. 613, and 


Table XVII.) 


Series VIII:-—ComMMENcED 27TH Marcu, 1893, 


TABLE XIII.—Eaperiments with White of Egg. 


joe litre. 


eco 


‘Solution I. contained 0: 15 grammes white of egg, 


49 potassium phosphate, 
0°10 os 


sodium carbonate, 





Date of CO, Oy Ng’ N ‘as NH, | N as N03 |. Nas N,Os 
zonclusion of Pe ahion: 
Experiment. I. Il. I Il. I If. [need Hh | Sar nia I. II. 
1894 { 
March 29 I.* |22°70 | 39:24**| 7-80 | 0°00 | 15°68 | 15°64 | 0-00 | 0:0026) 0-00 | 0°00 | 0:0001 | 0:00 
Differences + 16°54 -— 7°80 is eee + 0°0026 0.00 -0°0001 
ee aise |) I./5t | 7°77] 13°18 | 7°80| 1:43 | 15-68 |-15°47 0:00 | 0°00 0-00 | 0:00 | 0:0001 | 0:0017 
: Differences + 5°41 — 6°37 ses ie 0-00 9-00 _+0°0016 
5 BO T:/10¢ | 5:91 | 9°42 7°80 | 3°93 | 15°68 | 15°55 | 0:00 | 0-00. |» 0-00 | 0-00 | 0:0001 | 0-0012 
: Differences + B51 = Sha ime s 0-00 0:00 +0°0011 
os 30 1./20t | 4°97 | 6:95 | 7°80 | 5°23 '| 15°68 | 15°52 | 0-00 | 0-00 0-00 | 0°00 | 0:0001 | 0 001 
je Differences + 1°98 — 2°57 Ae ao 0:00 0:00 +0-0009 
‘May ~ 2 |Tap-water I.| 4:04-| 4°94 | 7°80 | 6°63 | 15°60 | 15°50 | 0°00 | 0:00 0-00 | 0:00 |.0-0001 | 0-:0008 
Differences + 0:90 -1:07 a ae 0:00. 0:00 +0:0007 
+3 Tap-waierlI.|: 4°04 |. 4°89 | 7°80 | 6°78 | 15-60 | 15°50 | 0°00 | 0°00 0:00 | 000 | 0-0001 | 0-0008 
Differences + 0°85 —1:02 its de 0:00 0-00 +0:0007 











* Very offensive. 
** The remainder of this solution, immediately after analysis, was mixed with an equal bulk of distilled 


water. 


+ Quite free from odour. 


The mixture, after thorough aeration and analysis, was then put into the same bottle as that in 


which solution I: was kept and preserved in the usual way. After a lengthened period it-was again examined, 
with the following results :— 





1895 


January 2 


Differencest 


20°55 | a 09 


+2°5: 


— 0°0014 


+0°00032 


+0°0010 


7-30 | 0°78 15°60 | 15°84 0-0014 | 0-0010-00 | 0:00032) 0-00 | 0-0010 
-6'8 


+ After the conclusion of this experiment, a considerable quantity of a very thin transparent. scale-like 


deposit was noticed on the sides of the bottle. 


6225—Ap. VIL. 


See also notes to Table XI. 
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PART 1].— EXPERIMENTS WITH DIFFICULTLY FERMENTABLE MATTERS. 
Colouring Matters of Peat. 


Asan example of difficultly fermentable organic matters, I have employed an extract of 
fresh peat, collected from a bog which was slightly submerged under running water, and which 
was situated on one of the Wicklow mountains, and far removed from any source of contamina- 
tion with animal matters. 

_ The sample of peat was collected on September 15th, 1893. 


Two days after, an extract was prepared from it by boiling it in tap-water containing a little” 


sodium hydrate. The extract was filtered into a large glass-stoppered jar, which it filled to 
about two-thirds of its capacity. The extract was then of a deep brown, and it was allowed to 
ferment until March 8th in the following year, the stopper of the jar being taken off from time 
to time to renew the air. It was then thoroughly mixed with about five times its bulk of tap- 
water, and allowed to settle till the following day, when about six litres were decanted off, and 
the different experiments commenced, which are recorded in Tables XIV. and XV. 

The results of these experiments were looked forward to with very much interest for several 
reasons :— 


First, it was known that peaty colouring matters in river-waters suffered but little oxidation 
or other change, unless the waters were subjected to the action of such bodies as clay, when the 
peaty matters were more or less completely separated by the precipitating action of the clay. 
There was good reason to believe, however, that the peaty matters in water, when fresh, do 
undergo at least a slight chemical change. This was evident from the analyses published in the 
“Sixth Report of the Rivers Pollution Commissioners.”* 

These show that the proportion of carbon to nitrogen in unoxidized peaty matter contained 
in upland surface water is as 11°9: 1; but in peaty matter which has been exposed to oxidation 
in lakes or large reservoirs, the proportion became 5:9: 1. 

It was quite an open question, however, whether these matters undergo fermentation when 
present alone, or whether they exert any influence on the fermentation of fermentable matters 
when present together with such in a water. 

Again, it will be observed that the proportion of carbon to nitrogen in peaty matters is very 
similar to that of the carbon and nitrogen found in the fermented matters which result from the 
complete fermentation of sewage during slow filtration through sand. We find from an experi- 
ment recorded by Dr. Frankland (Frankland’s ‘Experimental Researches,” p. 751) that this 
proportion may be from 9°6: 1 to 6:3: 1. 

The fermented organic matters which are formed during slow filtration of sewage through 
s.ach‘substances as sand or pumice, besides showing a similarly high proportion of carbon to 
nitrogen, as peaty matter, and we may take it, a similar resistance to fermentation, since it must 
be remembered these matters are obtained in very decided quantities even after a fermenta- 
t.on ina filter, which has been so complete, that little more than traces of the original ammonia 
in the sewage may be left unfermented, also possess other properties such as colour and optical 
properties, which are very similar to those of peaty-colouring matters. Thus, on allowing sewage 
to percolate very slowly through a pumice filter, I have obtained effluent waters therefrom, 
coloured very decidedly with a brown tint, which could not be distinguished from the brown 
varieties of peaty matter, and which on analysis gave the proportion of carbon to nitrogen as 
(ie to 

Neither could it be distinguished from peaty water coloured to a similar depth of tint when 
examined by Professor W. N. Hartley’s spectroscopic method. A similar series of dilutions of 
both afforded identical ultra violet absorption spectra. 

The experiments with easily fermentable matters, which have already been quoted, more 
especially those with the effluent water from the sand filtration recorded in Table V., afford 
abundant evidence that the organic matters which are formed during the first-stage fermentation 
of animal and vegetable substances may themselves take part in, and suffer a further oxidation 
during the subsequent second stage. 


The question naturally suggested itself—Do peaty matters undergo similar fermentative 
changes under similar conditions ? 


This question appeared the more interesting because from those of my experiments already 
recorded, and from others, I had come to the conclusion that the presence of small quantities of 
fermented organic matters, such as peaty-colouring matters, probably are essential to the nitric 
fermentation of ammonia, and that the failure to obtain a nitric fermentation of this body under 
conditions which, as the researches of Professor P. F. Frankland and Mrs. G. C. Frankland, of 
Warrington, and of Winogradsky, have abundantly demonstrated, are most favourable to nitrous 
fermentation, may be ascribed to the complete absence of peaty or humus-like bodies. 


In every experiment which I have made, and in which it has been found that the oxidation 
of ammonia to nitric acid has been complete, small quantities of peaty or fermented organic 
matters have always been present. The same may be said, I think, of the experiments of the 
above observers in which nitric acid was formed. 


In other experiments which I shall have to describe, and in which the only change in the 
conditions has been a practical absence of all organic matters, I have also obtained abundant 
nitrous fermentation, but no nitric. In reference to the experiments last mentioned, it is of 
importance and of intergst to note that the organisms present were of the same mixed character 
as in the case of those éxperiments in which, as stated, I obtained nitric fermentation. 


With these prefatory remarks, I may now proceed to the discussion of the experiments with 
the extract of peat above mentioned. 








* See also Dr. P. Frankland’s Article on Water in “ Thorpe’s Dictionary of Applied Chemistry,” 
vol. iii, p. 965. 
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The details and results are recorded in the two following Tables :— 


SERIES [X.—CoMMENCED 9TH MarcH, 1894. 


TABLE XIV.—Experiments with a Solution of Peat. 


Solution P contained 0:0033 grammes nitrogen as ammonia 














Baar) 
we Pree Git 43 
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$8| 33834, 
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| 1894, 
1 | March 9 
May 11 
oe cae ee fe! 
July 27 
3 | July 27 
Nov. 15 
4 | Nov. 16 
1895 
Jan. 29 
1894. 
5 | May 18 
June 12 
July 20 
July 23 
6 | July 21 
Nov. 22 
1895 
| Jan. 30 



































0°1336 ; organic carbon - - - per litre 
0:0079 ; organic nitrogen 2 : 
ae : ‘ Nas N as N as 
eeeenpion of Experiment. CO, O, N, NH, N,0, NU 
{ 
| 
Solution P - - - - - | 114°65 7:14 14:27 | 0:0033 | 0:0 0-0 
Same after fermentation* 136°03 0-0 14°70 | 00044 0-0 0:0 
Differences - - +21°38 | ~7:'14 = MOO] | 2 me 
Remainder of preceding solution | 
diluted with twice its bulk of 
distilled water aerated and ex- | 
posed to the air for a week, then 
aerated again and bottled=P/3t | 41°46 7°44 14°96 | 0:0012 | 0-0 0-0 
P/3 after fermentation - 48 :96 0:0 15°08 | 0:00048; 0:0 0-0004 
Differences - +7°50 |..— 7°44 — -0°00072 = 00004 
Remainder of preceding solution 
aerated - : - - - 44-9] 6°45 12°86 0:00046; 0:0 0:0004 
Same after fermentation 49°24 0-0 13:09 | 0:00914; 09-0 0.0002 
Differences +4°33 | --6°45 — — 005032 | as —0°00U2 
Remainder of preceding soluticn 
eod meget ae Ge tes BOrOG 7:24 | 14°86 | 0°000:4| 0-0 0-0002 
Same after fermentation - - 50°96 2°75 14°67 | 0-0 | 0-0 0:0003 
Differences = - | +2°90 | —4-49 = — 000014 Bs +-0:0001 
A portion of the solution P/3 from - 
experiment No. 2, diluted with 
twice its bulk of distilled. water De 
=P. - . 2 - - - 14°70 746 | 14°77 | 0:0004 | 0-0 00 
Same after fermentation =—) Is 16°67 3 95 14°67 | 0-9 0:0 000035 
Another bottle of same after 
fermentation, - - etl 19°02 SH a 14°74 | trace 0-0 0:00035 
Another bottle — - -- IT} 19°21] -166} 1469]/ 00 | 0-0 0-00035 
Differences 2 arg bs ft ete Le OT Soro ate — 00004 aS +0°00035 
Fs = 0 | +432n) =:5:69 — — 0:0004 24 +0°00035 
4 - III. | +4°51 | ‘5-80 — ~ Ov0V4 2: + 0:00035 
Remainder of solution II. aerated 17°75 6°42 13°22 | trace 0°0 0:00035 
Same afterfermentation - IV. | 19°15 3°91 | 13°27] 00 0-0 00007 
Differences - - IV. | +1°40 | -2°51 — _ — + 0:00035 
Another bottle of same after 
fermentation - - 7 Ve 19°25 5°89 13‘11 | 0:0 0:0 0:0007 
Differences : Su VAR 1:50"). — 2:53 — 0:0 0-0 +0:00035 








* Very offensive odour. 


+ Free from offensive odour. 
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Dr. Adcney. SERIES X.—CoOMMENCED 9TH Marcu, 1894, 


TABLE XV.—Lxperiments with Solution of Peat and Ammonium Chloride. 


Solution PA (= P/2 + AmCl.) contained 0°1 grammes ammonium chloride - - 

















0-069 ss, organic carbon - +  ~« | per litre. 
» 0-004, organic nitrogen - . - 
5 a4 
pase eee ) 7 
Bis Svero Description of Experiment. Co, O, N, |NasNH;'Nas N,O,|N as N,O, 
fi) es aS ee 
Zi 4 S cS 
1894. 
1 | March 9} Solution PA = P/2 + AmCl. -| 59°29 74 15:14 01 0-0 - 0°0001 
May 12} Sanie after fermentation « - | 72:26 0:0“) #1517 OL) 00 ee OO Ses 
Differences - - - |+12°97 | —7-4. — — — —0-0001 


2 | May 14| Remainder of PA after fermenta- 
tion diluted with twice its bulk 
of distilled water and aerated ps Spee At 
= PA/S? .; B ogi Se - | §-23°80 7°26.) 14°54 0:082 4 *..0°0 0:0 


June 15} Same after fermentation © = - |) 25°55 0-0 14°55 *0:028 000225) 0:0 
Ditferences . sMhi=2°75 | 7-26 —  |—0-004 |+0°00225!) — 
3 | June 18] Remainder of PA/3 after fermenta- her? | a be 
tion aerated : - a =} > 2274 6°8 13°58 0-027 00024. 0:0004 
June 28) Same after fermentation . - | 22°18 0:0. | -13°60 0-023 00024 0°0037 
Differences - - - | —0°56 | -6°8) >) — ~ 0004 ae +0°0033 


4 | June 28/ Remainder from preceding aerated | 15°51 65 -|-12°99 | 0-002 | 00021 | 0-004 


July 17| Same after fermentation  - - | 16°58 0-715 | 13-09 00198 | 0:00048) 0-0065 
Differences =) 8) | Spot 107 gr 835 —  }—0-0022 |—0-0016 | +0-0025 
5 | July 21) Remainder from preceding aerated | 5°82* 655 | 13:19 | 0-019 00006 | 90-0070 
1895. 
| Jan. 28) Same after fermentation - - 6°58 0-0 .| 13°29 0-018 00032 | 0:0088 
: Differences : - -| +0°77 | —6°55 — |—0°001 j+0°0026 |+0-0018. 
1894. 


la'| March 9} Solution PA diluted with tap- 
water in the proport’on of 1 to 9 ) 
= PA/10 = P/20 + AmC€l. - 9°46 75 15°54 0°01 0-0 0°0001 


| 1555 | 0-007 | 0-0033 |--0-0: 


May 14| Same after fermentation - - | 21°52 0-0 
» Differences : : - |+12°06 | —7°5 —  |—0-003 |+0-0033 _— 
2a | May 16) Remainder of PA/10 aerated - | 18°99 7°24 | 14°58 0-007 0-0033 | 0-0 
June 21| Same after fermentation  - - | 19°96 0 14-48 00035 | 0-006 0-0004 
Ditferences Siar - | +097 | —7:24 — |~0.0035 |+0°0027 |+0-0004 





0 

7 

3a | June 22) Remainder from preceding aerated 14°83 72 | 14:15 90-0024 |. 0-0009+ | - 0-0067+ 

1895. : 

Jan. 31] Same after fermentation  - - | 18°39 0-0 13°96 000005 | 0°004 0-00815 
Differences - - - | +3°56 | —7-2 —  }|—0-00239 | 4-0-0031 |+0°00145 

1894, 
1b | March 9| Solution PA diluted with tap- 
water in the proportion of 1 to 


19 = PA/20 = P/40 + Am CL. - 6°69 75 | 15°54 0-005 0-0 0°0001 
May 15|.Same after fermentation - -/| 15°02 0:0 | 15°55 0-0026 | 0°0021 | 00004 
Differences - - - | +833 | —7°5 —. |= 9:0024 |+0-0021 | +0-0003 
2b | May 17| Remainder of PA/20 aerated - | 11°82 7:2 14:37 | 0-0018°| 0-0021 0 C004. 
June 20} Same after fermentation - -/ 11:06} 0-0 | 14:98 | 0-0001.| 0-00018| 0-00332 
Differences - - + | -0°76 | —7-2 




















+ |-0°0017 |—0-00192 | + 0-00292 











REMARKS.—*The"very: rapid reduction of carbonic acid, here shown during the time the liquid was 
exposed to the air, was confirmed by a duplicate analysis (5°81). The loss may have occurred by diffusion, 
but I have not observed so great a Joss in any other of my experiments under similar conditions. 


_+ These results show that an extremely rapid reduction of nitrous to nitric acid, occurred when 
the liquid was exposed to the air between the 2lst and 22nd June. The figures were confirmed by _ 
duplicate analyses. 
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Referring to Table XIV. we find, from the first experiment, that the first-stage fermentation p,. 


of solution P was not complete at the. time of commencing the experiments; the 
remaining portions of solution P were in consequence diluted, as described in the ‘able, 
with twice their bulk of distilled water, and exposed to the air for a weck to allow of its 
completion. . 

From the fact that nitrification had commenced in experiment 2, we may take it that the 
first-stage fermentation in the solution had been completed. The points most markedly exhibited 
by experiments 2 and 3 are a formation of carbon dioxide and a loss of oxygen and ammonia. 
As for the indications of nitrification, they are decided in the former experiment ; but the nitric 
acid formed was equivalent to only about half the quantity of ammonia absorbed, while in the 
latter experiment no nitric acid appears to have been formed, although a very decided quantity 
of ammonia was absorbed. It appears then from these experiments that a fermentation of small 
quantities of ammonia in the presence of considerable quantities of peaty colouring matters may take 
place, in such a manner that the ammonia is absorbed, and carbon dioxide is formed, while oxygen is 
consumed in relatively considerable volumes, but that little or no nitric (no nitrous) acid may be produced. 

In experiment 4 the nitric acid formed is about equivalent to the ammonia absorbed. It is 
important, however, to note that this last product is the least marked result of the fermentation ; 
the volume of carbon dioxide formed and oxygen consumed being relatively both very much 
larger in quantity, j 

Experiments.5 and 6 were made with a diluted portion of solution P/3 prepared for 
experiment 2, and the former of these two experiments was commenced on the same day as the 
last mentioned. It is possible and interesting, therefore, to compare the results obtained with 
the less and more dilute solutions P/3 and P/9. 

The first result of fermentation shown with bottle I, on June 12th, less than a month after- 
wards, was the complete fixation of the ammonia, and the formation of a quantity of nitric acid 
practically equivalent to the ammonia lost, accompanied by the formation of. carbon dioxide. 

The results obtained on keeping the other portions of the same solution (in bottles IT. and 
IIL.) for a further period of about six weeks, were, a further formation of a decided quantity of 
carbon dioxide and a consumption of oxygen, hui no additional formation of nitric acid. On re-aerating 
however, a portion of the solution in bottle II., remaining from the experiment, and keeping it 


in two bottles for further periods, one of four, and another of six months, we find a formation of 


carbon dioxide and a consumption of oxygen, accompanied by a formation. of a decided. quantity 
of nitric acid. 

The carbon dioxide and nitric acid formed during this last fermentation must have been 
derived solely from the peaty matters present in the solution. They therefore confirm the 
evidence which was afforded by the experiment with tap-water recorded in Tables IX. and XIIL, 
to the effect that the minute quantities of peaty matter in the tap-water underwent a fermenta- 
tion, though an extremely slow one, into carbon dioxide and nitric acid. | ~ 
The influence of dilution on, the fermentation illustrated by these experiments becomes more 
decidedly apparent when the oxygen consumed, and the products formed, during the different 
stages of fermentation represented by experiments 2, 3, and 4, with less dilute solutions, and by 
experiments 5 (bottle .III.), and 6 (bottle V.) are respectively added together and compared 


Thus :— 

















O, CO, N as NH, N as N.O,; 
Solution P/3 - | Exp. 2, 3, and 4. =~ boo a ee —0°0012 +0°0003 
Solution P/9 - | Exp. 5 (Iff.)and6(V.)| = — 8°33 +601 —0:0004 + 0:0007 











In the less dilute solution P/3, it becomes. evident from the, above figures that during: 


fermentation a considerable quantity of ammonia was absorbed, and that the quantity of nitric 


acid formed was, for the period during which the solution was under examination, only about: 


one-fourth that of the ammonia originally present. 


On the other hand, in the more dilute solution the reverse action appears to have taken: 


place, since the quantity of nitric acid formed was nearly double that of the ammonia originally 
resent. 
Again, the volume of carbon dioxide formed in proportion to that of ‘the oxygen consumed 
was larger, relatively, in the less than in the more dilute solution: 5 
The fact. that peaty matters, when mixed with ammonium chloride, readily undergo 
fermentation is more clearly demonstrated by the experiments recorded in the next Table XY. 
These experiments, it will be noticed, were made with another portion of the same solution 
of peat, but with this difference, it was mixed with a relatively larger quantity of ammonium 
chloride... The. results then. obtained show. that a variety of interchanges may occur between peaty 
matters.and ammonia during fermentation. . 


Thus from experiment 2 we find 7:26 ccs. oxygen, and 0-004, grammes. of. ammoniacal’ 
nitrogen were taken up, and only 0:00225 grammes of. nitrous nitrogen.were formed ; the yolume- 
of oxygen theoretically equivalent to this quantity of nitrous nitrogen being 5°38 c.cs., a volume: 


much less than that actually consumed. From experiment 3 we find the quantities of oxygen 
and ammoniacal nitrogen, taken up are respectively 6°8 c.cs. and 0-004 grammes, and that of 
nitric nitrogen formed, 0°0033 grammes; no carbon dioxide was formed during this stage of 
fermentation, but, on the contrary, 0°56 c.cs. were-fixed. os 

‘The volume of oxygen theoretically equivalent to the nitric nitrogen formed, viz., 0-0033 
grammes, is 10°53 ¢.cs., a volume this time much in excess of that actually consumed. « It would 
seem from the last observation that an interchange between the peaty matters and ammonia took 
_-place during this step of the fermentation, but no doubt of a different character, notwithstanding 
the fact that carbon dioxide was fixed rather than formed. It is perhaps-right to mention that all 
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Dr. Adéney, the determinations given in this Table, and in the preceding one, were made with extreme care, 


all being checked by duplicate analyses, and in the case of many of the nitrogen determinations 
by triplicate analyses, and further that some of the nitric nitrogen determinations were confirmed 
by Crum’s method with Lunge’s nitrometer. : 

Experiment 4 demonstrates another phase of interchange between the two bodies, and it 
must be noted of nitrous acid, during fermentation, thus the quantities of oxygen and ammoniacal 
and nitrous nitrogen taken up were, respectively, 6°35 c.cs., 0°0022 grammes, and 0:0016 grammes, 
and of carbon dioxide and nitric nitrogen formed, 1-07 c.c. and 0:0025 grammes. The volume of 
oxygen theoretically equivalent to this last-mentioned quantity of nitrie nitrogen, supposing part 
of it was derived from the 0:0016 grammes of nitrous nitrogen taken up and the rest from 
ammoniacal nitrogen, is 4:15 ¢.cs., a volume less again than that consumed. 

In the last experiment with PA/3, we find a still further phase ‘of interchange during 
fermentation demonstrated, the quantities of oxygen and ammoniacal nitrogen shown by this 
experiment as being taken up, and of nitrous and nitric nitrogen formed being,respectively,6°55 ¢.cs., 
0-001 grammes, 0-77 c.cs., 00026 grammes, and 00018 grammes. The total quantity of nitrous 
and nitric nitrogen formed was thus equal to 0-0044 grammes, a quantity largely in excess of 
the ammoniacal nitrogen taken up. The total volume of oxygen theoretically equivalent to the 
nitrous and nitrie nitrogen formed, assuming that both were derived from the ammoniacal 
nitrogen, is 11:96 c.cs. There can, therefore, be little doubt from these results that the nitrous 
and nitrie nitrogen formed during this last step of the fermentation, represented by experiment 
5, were derived from compounds resulting from the interchanges which, we have seen, must have 
occurred between the peaty matters and ammonia present in the water during the earlier steps of 
the fermentation. 

It must be remembered in reference to this point, that the organic nitrogen actually present 
in combination with the peaty matters in the solution PA/3 at the time these experiments were 
commenced was only 0:00133 grammes. If we sum together the quantities of ammoniacal 
nitrogen absorbed, and of the products formed, we see clearly that, although as above shown, 
the peaty matters played an essential part in the changes which occurred during fermentation, 
but little carbon dioxide was formed, and that, so far as oxidized products are concerned, the 
fermentation was practically a nitrogen fermentation. ‘The total figures are :— 





O. | Co, | N as NY, | N as N,O, | N as N.O; 





— 26°96 c.cs, + 4°59 c.cs. —0:0112 grms. +0°00645 erms. +0°0076 grms. 




















The total nitrogen oxidized was, as will be seen from these figures, 0°01405 grammes, a 
quantity decidedly in excess of the ammoniacal nitrogen absorbed. 


4:59 c.cs. of carbon dioxide is equivalent to 0-0025 grammes carbon, which is but a small 
fraction of the total quantity of the organic carbon originally present in solution PA/3, viz., 0°023 
grammes. 


We have seen that the reverse action to this took place in the solution P/3, which contained 
but little ammonia relatively to peaty matters. Thus the total volume of carbon dioxide formed 
was equal to 14°73 ccs. This volume is equivalent to 0-008 grammes carbon. The oxidised 
nitrogen, it will be remembered, only amounted to 0:0003 grammes. 


One further feature in connection with one of these experiments demands some notice. It 
is the very sudden diminution of carbon dioxide (shown by the first analysis in experiment 5) 
which occurred while the solution was kept in a ‘stoppered bottle, only partially filled, from 
the 17th to the 21st July. No suitable explanation has occurred to my mind to account 
for this loss. No doubt a portion was due to diffusion into the air-space in the bottle, but with 
the records of the preceding experiments with the same solution before one, it is difficult to 
conceive that the loss was wholly due to this cause. Another source of loss lies doubtless in the 
possibility of a portion of the gas being fixed by fermentation. 


On turning to the experiments with PA/10, we find the influence of dilution shown as 
markedly as we have already seen it to be in the case of solution P/3 and of the more dilute 
solution P/9. 


Experiment la shows that the nitrous nitrogen formed was practically equal to the 
ammoniacal nitrogen absorbed, but that the fermentative products differ essentially in one 
particular from those obtained simultaneously with nitrification with the less dilute solution, in 
that a considerable volume of carbon dioxide was formed. But notwithstanding this, the 


oxygen theoretically equivalent to the nitrous nitrogen=7°85 c.cs., is slightly in excess of that — 


consumed. 


In experiment 2a the nitrous and nitric nitrogen together practically equalled the 
ammoniacal nitrogen lost, but this time, however, a very small volume of carbon dioxide was 
formed. The volume of oxygen theoretically equivalent to the nitrous and nitric nitrogen formed 
is 7°70 c.es., a volume also slightly in excess of that actually consumed, viz., 7°24 ¢.cs. 


It is interesting to note that the fermentation during these two experiments was practically 
a nitrous fermentation, but that when the solution remaining after the conclusion of the second 
experiment was kept in‘4 bottle only partially filled for a single day, the nitrous acid was almost 
completely fermented to nitric acid. 


During fermentation in experiment 3a, the nitrous and nitric nitrogen formed, amounting to 
0:00355 grammes, was considerably in excess of the ammoniacal nitrogen lost, and a decided 
quantity, viz., 3°56 c.cs., of carbon dioxide was preduced. Nevertheless the oxygen theoretically 
equivalent to the total nitrous and nitric nitrogen, viz., 8°81 ¢.cs., is decidedly in excess of that 
actually consumed, 7:2 ¢.cs. 
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On summing together the differences from each experiment, it will be seen that, by the time pr, Adeney." 
of the conclusion of the experiment 3a, nearly all the fermentable matters, 2.2, both peat and 
ammonia, originally present in solution PA/10, must have been fermented, thus :— 





0, | co, N as NH, 








N as N,O, | N as N.O; 


—0:00889 grms. | -+0-0091 grms. 


— 21°94 c.es. | + 16°59 c.cs. +0°00185 grms. 











16°59 ¢.cs. CO, are equivalent to 0-00896 grammes. The organic carbon originally present in 
the solution PA/10 was 00089 grms, The exact coincidence between these numbers is probably 
accidental. Again, the total nitrous and nitric nitrogen amounts, it will be observed, to 0:01095, 
while the total organic and inorganic nitrogen present in tne solution when the experiments were 
commenced was 0°0107 grammes. 

The volume of oxygen theoretically equivalent to the nitrous and nitric nitrogen, assuming 
that both were derived from the ammoniacal nitrogen, is equal to 27-66 c.cs., which is very 
much larger than that found by analysis to have been consumed. We may draw the conclusion, 
then, that the oxygen of the peat itself must have taken part in the fermentative changes. 

It is of course, impossible to distinguish any very definite relationship between the figures 
just considered, owing to the fact that the errors attending them are too appreciable. I merely 
put them forward here to indicate, which we may safely take it they do with a fair approximation 
to the truth, the extent and real nature of the changes which occurred during fermentation in 
the solution. 

The results recorded for the more dilute solution PA/20, in the first experiment 16, are 
similar in character to those just considered. The volume of carbon dioxide formed, viz., 
8:33 c.cs. (equivalent to 0-°0045 grammes carbon) shows that the peaty matters must have been 
nearly completely fermented, as the quantity of carbon present before fermentation was 0:0055 
grammes. 

It is interesting to note, further, in reference to the results from both the dilute solutions, 
that the earlier steps of the fermentation which they underwent were almost entirely nitrous. 

The second experiment, 25, with the more dilute solution, shows a fixation of carbon 
dioxide and of ammoniacal or nitrous nitrogen, or both. The oxygen theoretically equivalent to 
the nitric nitrogen, assuming that it was derived partly from the nitrous nitrogen lost, and the 
remainder from the ammoniacal nitrogen, is 4°73 ¢.cs., while the volume actually consumed was 
7:2 .¢8. 


GENERAL CONCLUSIONS FROM EXPERIMENTS WITH SOLUTIONS OF PEATY MATTERS AND AMMONIUM 
CoMPOUNDS. 


On reviewing the evidence afforded by the experiments recorded in Tables XIV. and XV., 
we may draw the following general conclusions as to the various phases of fermentation which 
may occur in solutions of peaty matters and ammonium compounds, in the presence of the mixed 
organisms natural to water, under varying conditions of dilution and relative proportions :— 

1. When the proportion of peaty matters present is large, such that the organic carbon 
amounts to 071336 grammes per 1,000 ¢.cs. of solution, and that of ammonium compounds very 
small (such as 0:0079 grammes nitrogen as ammonia per 1,000 ¢.cs.), a fermentation may occur 
in which the ammonia is taken up presumably to form new compounds with the peaty matters, 
since the nitric acid formed is relatively very small, and since also because very decided volumes 
of carbon dioxide are involved. 

The volume of oxygen consumed is decidedly in excess of that theoretically equivalent to the omidised 
inorganic products formed during the fermentation. 

2. When the same solution is decreased in strength by dilution, which is equivalent to 
increasing the proportion of oxygen, all other conditions remaining similar (except of course, that 
of mass), the fermentation may take a different course ; the volume of carbon dioxide formed 
becomes decided, and the ammonia becomes entirely absorbed as before, but the oxidised 
inorganic nitrogen product is practically exactly equivalent to the ammonia absorbed. 

The oxygen consumed is practically equal to that theoretically equivalent to the tmorganic oxidised 
products formed. 

3. Only nitric acid appears to be formed in the solutions under the stated conditions. 

4. When the quantity of peaty matters is not large in proportion to that of the ammonium 
compounds present in the solution (organic carbon being equal to 0:069 grammes, and ammoniacal 
nitrogen to 0-1 grammes per 1,000 c.cs.), a fermentation may occur during the earlier steps 
of which intermediate combinations between the peaty matters and the ammonia appear to take 
place, since during such stages the oxidized inorganic nitrogen compounds formed are not 
equivalent to the inorganic nitrogen taken up, while during a latter stage they are found to 
suddenly rise in quantity, and finally to become practically equivalent to it. Under these 
conditions the volume of carbon dioxide formed may be extremely small, relatively to that of 
oxygen consumed, or to the quantity of nitrogen oxidized. 

The volume of oxygen consumed is, under these cirewinstances, very much less than that equivalent to 
the total oxidized inorganic products of the fermentation. 

5, With the conditions stated under 4 we find that the nitrogen fermentation is both 
nitric and nitrous, the former predominating. 

6. When the solution referred to under 4 is diluted, z.¢., when the proportion of oxygen is 
increased, the other conditions remaining similar, the course of fermentation appears to be much 
modified. From the first a large volume of carbon dioxide is formed, and the oxidized inorganic 
nitrogen is practically equivalent to the ammonia absorbed. When further, the fermentation is 
pushed to completion, both peaty matters and ammonia appear to undergo nearly complete 
oxidation to inorganic products. oY 
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Dr. Adeney. The volume of oxygen consumed is, under these conditions, also very much less than that equivalent to 
—— ~ the total oxidized inorganic products of the fermentation. fill fay 
7. It is interesting to note that the nitrogen fermentation in the dilute solution is both nitric 
and nitrous, the latter this time predominating, at least in the earlier stages of the fermentation. 
For a further conclusion in reference to the subject, see p. 609. 


_ RELATIONSHIP BETWEEN THE OXYGEN CONSUMED AND THE Nitrous AcIp FORMED 
DURING THE FERMENTATION OF AMMONIA. 


The experiments which have just been considered show that, when the fermentation of 
ammoniais.carried on in the presence of peaty matters, the latter bodies take part in the 
fermentation, and prevent the true relationship between the oxygen consumed and the ammonia 
oxidized being seen. With the object of obtaining exact experimental data as to this point, I 
commenced a further series of experiments with a solution of ammonium chloride in distilled 
water, to which a little potassium phosphate and sodium: carbonate were added, but no organic 
matter. . 

Some five, litres of this solution were seeded with a few drops of the mixed sediments from 
the solution of peat (P/9), remaining in bottles II. and III. after the conclusion of experiment 5, 
recorded in Table XIV. I hoped by this solution to determine accurately: the relation between 
the oxygen consumed and the nitrous acid formed, during a purely nitrous fermentation, carried 
on. in the absence of peaty matters. ai 

At the same time, in order to be able to compare the results of this experiment with those 
which would follow a fermentation by similar organisms in the presence of peaty matters, I started 
two further experiments with portions of the same peat solution remaining in the same bottles 
If. and HI. To one portion I added a known quantity of ammonium chloride; to the other a 
known quantity of potassium nitrite. I had a further object in commencing these experiments, 
which I will describe later on. . 


The details and results of these experiments are given in the subjoined Table :— 


TABLE XVI.—Luperiments to determine the relationship between the Oxygen consumed and Nitrous 
acid formed during the fermentation of Ammonia. : 








2 .| Date of com- 

-=) 

<3 | mencement and re S279, ' = yak i ofoNiass |avNvas > Nas 
ia 3 oP oinelasentot Description of Experiment. GO... N, NH, N.0, N,0, 
s Experiment. 
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1 | July 23, 1894 | Solution in distilled water con- | | | 

taining a known quantity of { 
ammonium chloride, and small 
quantities of potassium phos- 
phate and sodium carbonate, 
but no added organic matter, 
seeded with a few drops of the 
mixed sediments from the 
solution of peat left in bottles 
II. and III. after the conclu- 
sion ot experiment 5, recorded 





in Table XIV. - - - | 32°06] 6°48 | 12°94} 0-0225 0°0 0-0 
Oct. 25th ,, Same after fermentation | 82°72 0:0 | 12°91] 0-020 0 00224 0:0 
Differences - . - | -0°24 | -6°48} — |- 0-0025 | +0-00224 — 
la 93 0) DOC sg Remainder of solution from pre- 

ceding experiment, aerated - |.31°52| 7:13} 14:03! 0-019 0°00224 0:0 

March 23, 1895 | Same after fermentation 
bottle I. | 31-25| 0°04} 13°87] 0-016 0°00464 0°0 
+9, Ouabes Ditto Ditto »5 If. | 31-40} 0°06} 13:95 0°016 000472 0-0 
Differences - - I. | -0-27|-7:09; — | -0:003 |+0-00240 — 
= - - If. |-0°12|-7:07] — | -0-003 |+0-00248 —_ 





2| July 24, 1894 | 1,000 c.es. of the mixed peat 
solutions remaining in bottles 
II. and IIl. from experiment 
5, Table XIV., diluted with 








2,000 c.cs. distilled water con- 
taining a known quantity of 
ammonium chloride : - {11°04 | 6°72} 13°19 | 0-0045 0-0 0°0001 
Noyi 259 7°¢ Same after fermentation  - - | 10°92 | 0°0 | 18°38) 0°0015|] 0:00016 000284. 
Differences - < - - |-0°712 -6°72} — |-0-003 |+0-00016 | +0°00274 
3) July 25, ,, 1,000 c.es. of the same peat solu- | 
tion mixed with 2,000 c.es. of 
distilled water containing a 
known quantity of potassium 
nitrite - : - : - | 11°05} -6:72 | 13:19}. 0-0 0:0165 0-0025 
Noy. 30, ,, Same after fermentation - —- | 10:99} 0-0 | 12:98) 0-0 00016 | 0:0164 


Differences — - 2 - | -0:60 | -6°72 | —- _— ~0 0149 +0 0139 




















= 
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_ Experiments 1 and la show that for the consumption of 6-48, 7-09, and 7-07 ¢.cs. of oxygen, pr. Adetiey.’ 
0:00224, 0:0024, and 0-00248"grammes of nitrous nitrogen were formed’ respectively. —- 
_ If we raise these volumes each to 10 c.cs., for convenience’of:comparison, then the quantities 
of nitrous nitrogen formed would be, respectively, 0'00344, 00033, ‘and 0:00351. That’ is for 
10 e.cs. (= 071437 grammes) of oxygen consumed, we have, taking’the mean ‘of’ these last‘'thrée 
quantities, 0-00342 grammes of nitrous nitrogen formed. In other words, the formation of’ one 
part by weight of nitrous nitrogen is accompanied by the consumption of about 4:2 parts by 
weight of oxygen. 
- The volume of oxygen theoretically equivalent to the last-mentioned quantity of nitrous 
eae viz.. 0°00342 grammes, on the assumption that it is derived from ammonia, is 
14 ccs. 

Thus it will be seen, as was only to be anticipated, that during the fermentation of ammonia 
in the absence of all organic matter, the volume of oxygen consumed is in excess of that 
theoretically equivalent to the nitrous acid formed, in the proportion of 10 ; 8°14. 

On turning to the result of the experiment with ammonium chloride and peaty matters, the 
influence of the latter on the former, during fermentation, is shown in a most marked manner. 
Thus, not only is the quantity of nitrous and nitric acids greater in the presence than in the 
absence of these substances, but the product of oxidation is almost entirely nitric acid and not 
nitrous acid, as in their absence’; the oxygen consumed being much the same in both éases. 

If we raise the volume of oxygen, viz. 6°72 to 10c.cs., for convenience of comparison with the 
results from experiments 1 and la, and the nitrous and nitric nitrogen in the same proportion, 
we find that for 10 ¢.cs. of oxygen consumed, 0:00024 grammes nitrous and 0-00408 grammes 
nitric nitrogen would be formed. These two weights are theoretically equivalent, on the assump- 
tion that they were both derived directly from ammonia to 0°5036 and*13-02 ccs. of oxygen, 
respectively. : ’ 

We see from these figures that, when peaty matters are present with the ammonium com- 
pounds the volume of oxygen consumed during fermentation, instead of being larger, is decidedly 
less than that equivalent to the ammonical nitrogen oxidized. These results then confirm those 
recorded in Table XV. 

To consider now the determinations of the carbon dioxide. These show that, although the 
peaty matters must have so largely entered into the chemical changes set up during fermentation 
in this experiment, no carbon diowide was formed, and it is extremely doubtful whether any was 
fixed, the difference recorded in the Table being possibly due to experimental errors. 

It is possible also, since the ammoniacal nitrogen absorbed during the experiment was. 
slightly in excess of the total nitrogen oxidized, that none of the latter was derived from the 
peat. 


With reference to the question of the source of oxygen, the hydrogen of the ammonia may 
not have been so completely oxidized to water during the fermentation, in the presence of peaty 
matters, as in the absence of all organic matter. Some at least of the ammonical hydrogen may 
have been taken up by the peaty matters, and an increased quantity of oxidized nitrogen would, 
no doubt, be the results. 


But whatever the mechanics of the chemical changes may be, which go on during fermenta- 
tion, when peaty matters and ammonia are present together, the influence of the those matters, 
one upon the other, cannot be doubted. 


I have not hitherto referred to the loss of carbon dioxide shown by the experiments 1 and 
la with the inorganic solution, because, in each case, it is so small as to be searcely distinguish- 
able from experimental errors. The determinations recorded are important, however, in showing 
that the carbon fixed must be very small compared with the nitrogen oxidized, and therefore 
they add aditional evidence to that already given by Winogradsky, who showed, by a process of 
wet combustion, that the assimilation of 1 part of carbon was accompanied by the oxidation of 
about 35 parts of nitrogen as ammonia to nitrous acid. The mean of the losses of carbon dioxide. 
shown by experiment 1a is 0°15 ¢.cs., which is equivalent to 0-00008 grammes carbon, the ratio of 
the mean of the two quantities of nitrous nitrogen, recorded for the same experiment, viz., 0°00244 
grammes, isas 1: 30°5. These figures, it need hardly be said, are simply put forward here as. 
confirmation of those given by Winogradsky. 

In some of the preceding experiments, as I have before said, it appears that very definite 
volumes of carbon dioxide have been fixed, presumably during the formation of organic matters, 
but in all these experiments either peaty matters or fermented animal organic bodies, oz, in the 
case of these latter, it should perhaps be said, both, as tap-water was employed for them, were 
present during fermentation. 

Thus, the experiment with diluted sewage-water, S,, recorded on page 581, shows a loss of as 
much as 0°77 ¢.cs., with a consumption of 7°6 ¢.cs. of oxygen, and the formation of only 0-00122 
nitric nitrogen, and this experiment was carried out with extreme care, and it may be taken that 
the errors affecting the determinations are not seriously appreciable, since the quantities 
determined were small. 

Tt appears then that peaty matters (and also fermented animal matters) influence the quantity of 
carbon dioxide which may be fixed during a fermentation of ammonca. 

Referring now to the experiment-(3) with potassium nitrite, it will be seen that asin the 
case of experiment (2) with ammonia and a portion of the same solution of peat, no carbon 
dioxide was either formed or fixed, so far as analysis could detect, The volume of oxygen 
theoretically required to oxidize the quantity of nitrous nitrogen which was converted during 
fermentation to nitric acid, viz., 0.0139 grammes, is 11°12 ¢.cs., a volume much in excess of that 
actually consumed (6°72 ¢.cs.) | 

It is impossible to suppose that this large excess'of oxygen was derived from the quantity of 
peat present. Possibly intermediate combinations were formed during fermentation between the 
peaty matters and the nitrous acid, and that. part.at least of the nitric acid found after fermenta- 
tion was formed from these combinations. 
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Unfortunately I have not yet been able to determine the relationship between the oxygen 
consumed and the nitrous nitrogen oxidized during this fermenfation of nitrites in purely 
inorganic solution, a fermentation which Warrington has shown to be possible, by conclusively 
proving that nitric organisms develop in solutions containing nitrites and the necessary inorganic 
salts only.* Winogradsky, it should be observed, has confirmed this. I trust, however, in a 
future communication to give the results of some experiments I have already commenced with a 
view of determining this point, together with the results of a further study on the fermentation of 
peaty matter and ammonia, upon which | am at present engaged, with the object of completing 
the work of which the experiments I have given can only be regarded as forming the commence- 
ment. 

Before concluding my references to the experiments recorded in Table XVI., I should like 
to draw attention to the results from experiment 2, as compared with those afforded by experi- 
ment la, and recorded in Table XV. ‘Those of the former experiment show an almost pure 
nitric fermentation, unaccompanied by either the formation or fixation of carbon dioxide, while 
those of the latter experiment show that the fermentation was a purely nitrous one, accompanied 
by the formation of a large volume of carbon dioxide. And yet in both dilute solutions of peat 
were employed, and each contained a decided excess of ammonia after fermentation. There was 
however, one distinct difference between the two solutions. The peat solution employed for the - 
experiment recorded in Table XVI. had undergone several stages of fermentation before being 
employed for this experiment, while the solution of peat employed for the other was a compara- 
tively fresh one. We may therefore add an additional conclusion to those already drawn, viz., 
that the changes which peaty matters may undergo in the presence of decided quantities of 
ammonia during fermentation may vary with their nature, i.¢., whether they have themselves 
undergone fermentation*previously or not (see p. 604). 


NITRIFICATION OF PuRE UREA: AN EXCEPTION. 


As I have shown in the earlier part of this Paper, easily fermentable nitrogenous organic 
matter, when attacked by water-organisms under continued aérobic conditions, suffer two distinct 
stages of change, first the organic carbon is nearly completely oxidized to carbon dioxide, and the 
organic nitrogen converted \into ammonia; second, the ammonia thus formed is oxidized to 
nitrous or nitric acid. 

That urea, when mixed with other organic substances, shows no exception to this rule has 
been proved by the researches of Warrington and of Munro, and also of other observers ; the last 
named observer has shown, indeed that when this substance is mixed only with such a simple 
body as potassium oxalate,t the course of fermentation proceeds as above described. 

The experiments which I have to describe were, however, made with simple solutions of urea 
in tap-water, containing in addition only a little sodium carbonate and potassium phosphate. 

These experiments were commenced with two objects in view—(1) to ascertain whether 
nitrogen is evolved during the carbon stage of fermentation of urea, (2) to determine the nature 
of the nitrogen fermentation, which, it was anticipated, would follow the carbon fermentation. 

The experiments were commenced in January, 1893, but the solutions were not examined 
again until nearly two years afterwards, and I was then surprised to find that even in a compara- 
tively strong solution, containing as much as 0:05 grammes of urea per litre, a quantity of nitrous 
nitrogen, equal to 0-0016 grammes, had been formed, although it was apparently evident from the 
volume of carbon dioxide formed produced, at the same time, that not more than half the organic 
carbon originally present in the solution had been converted into that gas. It was feared, at 
first, that this was due to some leakage which might have occurred between the stopper and neck 
of the bottle in which the solution was preserved. 

Accordingly, another set of experiments with urea was started, but this time with stronger 
solutions. A similar quantity of nitrous nitrogen was, however, again found, after fermentation, 
in a solution containing ten times the quantity of urea. 

It accordingly seemed evident that urea, when wninixed with other organic substances, does 
undergo a change from the very commencement of fermentation, which apparently differs 
essentially in character from that of other easily fermentable organic substances so far as they are 
known, In the annexed Table will be found the particulars and results of the experiments above 
referred. to. 

EXPERIMENTS COMMENCED JANUARY 4TH, 1893. 


TABLE XVII.—Eaperiments with Urea. 


Solution U contained 0°25 grammes urea =0°05 gram nes carbon, and 0°116 nitrogen 
oD = oO A 
. sodium carbonate, per litre. 




















0:10 potassium phosphate 
Date of r a 
ee etoge Rees CO, OF N, N as NH, N as N,O, N as N,O; 
of experi-| ° ( 
ones II. if iil i IL. ite II. I, II. iF. IL. 
1894, 
Dec, 29.- | -.U/5 7°45 | 16°56] 8°40 | 0:0 | 16°72 | 16°50} 0:0 | 0:009 | 0:0] 0:0016 [09-0001 | 00002 
Differences +91] — 8-40 82 wh +0°009 +0°0016 +0:0001 
See _U/15 4°99 | 11°92} 8-40 | 00 | 16°72} 16°54 0:0] 0-005 | 0:0 | 0-00288 |0-0001 | 00012 
Differences +6°'93 - — 8°40 ce nad +0005 + 0°00288 Be ie 
5) pea _U/20 4°68 | 10:29| 8-40! 0-0 | 16°72 | 16°49} 0-0! 0:003 | 0:0 | 0:0014 (0-0001 | 00019 
Difkerences +5°61 — 8°40 oe a +0:°003 +0°0014 +0-001L8 
ji) 428 4 U/40 4:22 | 7:-49| 8-401 0-0 | 16°72 | 16°51) 0-0 | trace | 0:0! 0:0016 |0-0001 | 0-002) 
Differences +3°27 — 8°40 . sor +10 ahi +0°0016 + 0°0020 
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esearches on Nitrification, C.8.J., vol. lix., p. 519. 








t Loe. cit., p. 640, 
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EXPERIMENTS COMMENCED JANUARY 8TH, 1895. 
Further Experiments with Urea. 


So'ution U’ contained 0°5 grammes urea = 0°10 grammes carbon, and 0'233 grammes nitrogen, | 

















0:02 sodium carbonate, per litre. 
0°10 potassium phosphate, J 
= mua : i ile, SR ss its 
1895. : 

Mar. 19 - Pri 8-06 | 17°54 | 8-46 | 1°75 | 16°83 | 16°88) 0-0 | 0-006 | 0-0 | 0:0016 | 0:00 1 | 0°0002 

Piety Differences +9°48 -671 Se mL +0°006 +0°0016 +0:0001 ? 
700 She Us 5°74 | 20°89 | 8°36 | 0:0 | 16°60 | 16°83) 0:0 | 0°016 | 0-0 | 0:00208 | 0°0001 | 00002 

Differences +15°15 — 8°36 ids ae +0°016 + 0°00208 +0°0001? 
», 21 - | Tap-water | 5°11| 5°16| 8-46 | 8°44 | 16°87 | 16°83) 0°0 | 0-0 0:0 | 0-0 0-0001 | 0-0001 








We have unmistakable evidence in the above results, especially those afforded by the 
solutions U‘ and U’/5, that nitrous acid 1s formed in decided quantity simultaneously with ammonia, 
from the very commencement of the fermentation of wrea, under aérobic conditions, and in the presence of 
the mixed organisms of a natural water. 

The results recorded for the solution U' are particularly instructive, because since a small 
quantity of dissolved oxygen was found in the solution at the conclusion of the experiment, it 
may be taken for granted that the fermentation therein proceeded throighout its course, so far 
as it went, under aérobic conditions. 

Under these conditions we find that the nitrous nitrogen formed was practically one-fourth 
the quantity of ammoniacal nitrogen produced at the same time, the former amounting to 
00016 grammes, and the latter to 0:006 grammes. 

. The volume of carbon dioxide, viz., 9°48 c.cs., equal to 0°005 grammes carbon, which was 
simultaneously formed with these quantities of nitrous and ammoniacal nitrogen, is not in atomic 
proportion therewith, but is equivalent, it will be found, to a quantity of carbon much greater 
than such proportior would allow. It must, therefore, have been derived, in part at least, from 
some intermolecular changes set up in the portion of the urea fermented. If the composition of 
these bodies, or body, were known, we should then have, with the results recorded in the above 
Table, all the factors required for the precise formulation of the changes which urea undergoes 
during fermentation under the conditions given. 

The study of this fermentation of pure urea by the method here employed became, in fact, 
of very great interest. To. what, for instance, is this formation of the nitrous acid during 
the first-stage fermentation of urea analagous 4 

Is it analogous to the formation of the same body during true nitrification? I am inclined 
to think not. It is rather, I should say, to be classed with the oxidized organic bodies which we 
know are formed during the first-stage fermentation of more highly carbonated compounds, the 
nitrogen in the said nitrous acid substituting carbon and this being possibly owing to the very 
small quantity of carbon contained in the urea, and to the chemical, characters thereof. Before, 
however, this and other points suggested by the above experiments can be decided, a much more 
extended investigation will be necessary, and this I hope to commence shortly. 

The fermentation in the solution U'/5 appears from the results recorded for it, to have 
proceeded further than in the solution just considered. A larger volume of oxygen was consumed, 
and a relatively larger quantity of nitrous nitrogen was formed. The carbon dioxide and 
ammonia were also increased, and in such large proportion that an anaérobic fermentation must, 
no doubt, have partially set in during the experiment. 


NITRIC FERMENTATION IN SOLUTION OF UREA. 


Turning once more to the results recorded in Table XVII., we notice that those attorded by 
the more dilute solutions U/20 and U/40 show that decided quantities of nitric acid were formed, 
but that apparently the nitrous acid first produced did not suffer further oxidation. This nitric 
fermentation may, however, have been brought about by the peaty matters in the tap-water 
employed for making up the solutions, and it is possible that nitric fermentation would not have 
set in in their absence. This is a question, however, which I must leave to a further communi- 
cation. 


SIMILAR QUANTITIES OF CARBON DIOXIDE FORMED BY FERMENTATION IN SOLUTIONS 
CONTAINING SIMILAR ATOMIC PROPORTIONS OF CARBON, AS UREA, AND AS 
- Potasstum Sopium CARBONATE. 


It is interesting to compare the results with the above two dilute solutions of U, with those 
obtained from the dilutions IV/40 and IV/80 of the solution of potassium sodium tartrate employed 
for experiments recorded in Table XI. These two sets of solutions contained similar quantities of 
carbon, the oneas urea, and the other as tartrate. From the long time during which the solu- 
tions were kept, it may be taken that the peaty matter in the tap-water with which they were 
made up suffered fermentation as well as the added substances. It is interesting to observe, 
therefore, that the volumes of carbon dioxide in each set are similar one to the other. (See also 
Tables VII. and XII.). 

It will also be noticed that in both sets the conversion into oxidized inorganic products of 
the fermentable substances originally present in the solutions must have been nearly quanti- 
tatively complete. | 


Dr. Adency, 
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THE THEORY OF NITRIFICATION. | 
Dr. Adeney. 

oe It seems to have been established from the researches of a number of observers, more especially 
from those of Mr. Warington, Professor P. F. Frankland and Mrs. G. Frankland, Dr. Munro, 
and M. Winogradsky, that ‘the nitrification effected by soil organisms is brought about by two 
species, one of which oxidizes ammonia to nitrates, while the other oxidizes nitrites to 
nitrates. 

These observers found that it was easy to obtain a nitrous fermentation in solutions of ammonia 
containing certain inorganic salts, but practically no organic matter, by means of organisms - 
cultivated from soil. The attempt, however, to obtain a nitric fermentation of ammonia under 
like conditions has, so far as I know, failed. 

It was, however, perfectly well known that a nitric fermentation could be set up in inorganic 
solutions of ammonia, seeded by fresh soil. The question remained in obscurity until Waring- 
ton in his last-published “ Researches on Nitrification,” already referred to, showed that he hae 
in the course of his work, obtained some mixed organisms, some of which at least produced 
neither nitrous nor nitric acid from ammonia, but which energetically converted nitrites into 
nitrates. 

Warington showed further, that the presence of ammonia retarded the action of the nitric 
organisms on nitrites, 

Winogradsky has since isolated, from soil cultivations, the organisais which have the power 
o* fermenting nitrites to nitrates in inorganic solutions. : 

On referring to the experiments which I have recorded on the fermentation of ammonia 
in the presence of peaty matters, and also, indeed, to such of those of other observers as were 
carried out in the presence of fresh soil, which it must be remembered no doubt contained organic 
bodies of a similar character and influence, in the shape of humus, to the peaty matters of my 
experiments, one cannot but be struck with the apparently direct influence of these matters on 
the fermentation. ‘Thus, in the experiments 2, 3, 4, and 5, recorded in Table XYV., the solution 
employed for which contained a large quantity of ammonia chloride relatively to the peaty 
matters, but in which the peaty matters were present in decided quantities, the nitric fermentation 
predominated, notwithstanding the fact that a considerable quantity of ammonia remained after 
the last experiment, No. 5; while with the more dilute solution in which the ammonia, so far as 
the fermentation was concerned, still remained large in quantity, but in which the peaty matters 
might be considered small in their relation to that of the ammonia, we get the reverse action 
shown, and the nitrous fermentation is seen to have predominated. _ 

Again, if we refer to the experiments recorded in Table XVI., we find three solutions, all 
seeded with similar organisms, but differing markedly in other essential conditions — 


No. 1 is a purely inorganic solution, and in it a purely nitrous fermentation took place. 

No. 2 contained peaty matters, and in it not only was a nearly pure nitric fermentation. 
obtained, bat the oxidized inorganic nitrogen product, in proportion to the oxygen consumed, 
was decidedly larger than in the case of solution 1. : 

Again, in solution No. 3, a nitric fermentation of nitrous acid is shown, in which the 
oxidized nitrogen product is, as in the case of the solution No. 2, theoretically equivalent to a 
much larger volume of oxygen than that actually consumed. 

Here then, with the common condition of similar organism established in. each. solution, we 
get, in the absence of peaty matters, nitrous fermentation of ammonia, while in their presence we 
get a nitric fermentation of either ammonia or of nitrous acid. 1) sai 

The question therefore suggests itself{—do not these peaty matters, when present ina water, 
exercise a dominating influence on the course of the fermentation of ammonia, and determine the 
nitric fermentation which is so noticeable concurrently with their presence ? sineenl 

I would go further and venture to suggest that the explanation of the observed fact—that 
the nitrification of ammonia in a mass of aerated soil results normally in the production of nitrates 
only (Warington)—is to be referred to the presence of organic substances in the soil, viz., humus, 
allied in character to the peaty matters of natural waters. ‘DAT ye pel 

If this explanation be accepted, the question of nitrification would appear to stand thus :— 


1. The nitrous organisms of soil thrive in inorganic solutions containing ammonia. 

2, The nitric organisms of soil are gradually killed, or lose their vitality, in inorganic solutions 
containing ammonia. ae 

3. The nitric organisms of soil thrive in inorganic solutions containing nitrites. 

4. The nitrous organisms cannot oxidize nitrites to nitrates in inorganic solutions, 

5. Tne presence of peaty or humus matters appears to preserve the vitality of nitric organisms 
daring the fermentation of ammonia, and establishes conditions whereby it is possible for the 
nitric organisms to thrive simultaneously in the same solution with the nitrous organisms. 

6. Query—Is it possible for either the nitrous, or nitric, or other organisms to separately set 
up the complete oxidation of ammonia to nitric acid, in the presence of peaty or humus matters ? 


PART I[].—BeARING OF THE FOREGOING EXPERIMENTS ON THE ANALYSIS OF POTABLE AND: 
POLLUTED WATERS. 


Up to the present time the bacteriological methods which have been proposed for the 
examination of waters have not resulted in bringing any very great practical assistance to bear 
on the subject of the technical examination of pure and polluted waters. I except, of course, 
those most important ones which can be employed for demonstrating the presence or absence of 
pathogenic organisms in a water. The suggestion that the number of microbes present in a given 
volume of water would give/a useful indication or otherwise of its purity, from which so much 
was at first expected, has been shown, more especially in this country by the researches of 
Dr. P. F. Frankland,* to be of little practical value, except when applied for the examination of 
the efficiency of filtration, since many bacteria are capable of enormous and extraordinarily rapid — 
multiplication even in waters of very high organic purity. 


* « Proc. Roy. Soce.,” 1886, p. 526. 


+ Article by Dr. P. F. Frankland, on “ Water,” alreivly referred to, p. 990; see also work on “ Micro- 
organisms in Water,” by Dr. and Mrs. P. F. Frankland. 
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Bacteriological research has been instrumental rather, as I observed in the introduction to 
this Paper, in demonstrating the true agencies at work in setting up processes of oxidation in 
waters, and in thereby indicating new lines. of research for completing our knowledge of the 
chemistry of natural and polluted waters. 

The experiments which have been described in this Paper may, I venture to hope, prove a 
step onward in this direction, since they clear up, on the one hand, certain points in reference to 
the analysis of potable waters which have hitherto been more or less obscure ; and, on the other 
hand, they indicate a satisfactory method for the examination and analysis of polluted waters. 

First, as regards the examination of potable waters, these experiments show conclusively 
that (1) the absence of easily-fermentable matters of all kinds, and (2) the indication that the 
water has been subjected to efficient artificial or natural filtration, are two conditions, positive 
evidence of which it is of the first importance to seek for in all waters to be used’ for dietetic 
purposes. . . 

Broadly speaking, the first condition will have been established if the water contains no free 
ammonia, or only small traces of this substance, since of the easily-fermentable substances found 
in waters it is the last to be fermented. 

The second condition will, no doubt, have been established if, in addition to the absence of 
free ammonia, traces only of organic matter (fermented) are found in the water. 

In reference to this point it must be remembered that during efficient filtration all but traces 
of peaty or humus matters are separated. Hence, the absence of all but traces of thesé matters 
-and of ammonia may be accepted as one proof of efficient filtration in water. 

That efficient filtration of all water to be used for dietetic purposes is a prudent precaution 
in the interests of health must be accepted from the property which bacteriologists have shown 
properly-constructed filters to possess, of separating pathogenic organisms from water (Koch on 
Cholera, 1894). . 


It will be observed that the above two conditions in first-class potable water may be 
ascertained by the methods in ordinary use for water analysis. 


In cases of doubt or suspicion, however, a careful examination of the character of the organic 
matters present should be made. 


... There can, I think, be no question that the method I-have employed is'capable of revealing 
both the nature and amount of polluting matters, should they be present in a water, or of proving 
their absence if not present. I can state from my own experience that-examinations of such 
suspicious waters have afforded me results which have left no doubt in my mind as to their 
suitability or otherwise for dietetic purposes. 


When we turn to the consideration of polluted waters, the matter assumes an entirely 
different aspect, for it is quite evident from the experiments which I have described, that the 
methods of analysis of potable waters, when applied to that of polluted waters, are not only quite 
incapable of indicating the true character of the polluting matters, but that they may even lead 
to absolutely misleading results. 


From the experiments with polluted waters which I have recorded, it may be gathered that 
it is essential, in order to predict the action which a given volume of a particular polluted water 
will exert, when discharged into a watercourse of known volume and flow, to determine  before- 
hand the exact volume of atmospheric oxygen which will be required for the complete fermenta- 
tion of the polluting matters present, and that it is necessary also for technical purposes to 
approximately determine what fraction of that volume of oxygen is required for the first stage of 
fermentation of these matters. Under no circumstances ought a polluted water be discharged 
into a watercourse in such volumes that the dissolved oxygen in the mixture of the two waters, 
pure and polluted, is not more than sufficient to supply that required for the first-stage fermenta- 
tion of the polluting matters. 


This I consider is necessary, because the first stage of fermentation of easily-fermentable 
organic matters proceeds much more rapidly in a water exposed to the atmosphere than does the 
solution and diffusion of atmospheric oxygen through the water. Hence, if the quantity of 
dissolved oxygen oi a water is insufficient for the needs of this stage of fermentation of any 
polluting matters in it, putrefactive fermentation will set in. 


_. It is otherwise with the second-stage fermentation of a polluted water, since this stage of 
fermentation probably does not proceed so rapidly in a water exposed to the same conditions as 
the diffusion of atmospheric oxygen into it, and since, if it does, secondary products of a 
poisonous nature, such as are formed during putrefaction, cannot be simultaneously formed with 
nitrous or nitric acid from the very nature of the process of nitrification. 


It is right, therefore, in dealing with the question of the pollution of a watercourse, to make 
this distinction between the oxygen required for the first-stage fermentation and that required 
for the second-stage. 


I have made these remarks more particularly with the view of drawing attention to the 
possibility which the method of observation I have employed in this investigation presents, of 
formulating definite standards of impurity which should be allowed in the case of drainage waters 
discharged into a watercourse ; it being possible, it should be observed, to formulate a standard 
according to local conditions and requirements. 


A simple standard, which Local and River Conservancy Boards could control, could be 
framed as follows :— 


The limit of impurity to be allowed to a given water to be such that, when a given volume 
of it is mixed with a given volume of tap- or other good water, and the mixture kept in a bottle 
out of contact with air, under the conditions I have described, for a sufficient length of time, a 
decided oxidation of the ammonia originally present in the mixture into nitrous, or nitric, acid 
shall be indicated. 


This is, however, merely a suggestion. Were the principle of the proposed standards adopted, 
experience would show how best to formulate them. 


Dr. Adeney. 


Dr. Adeney. 





88 


GENERAL CONCLUSIONS. 


The following conclusions may be drawn from the experiments recorded in this Paper :— 
g : p 


1. That the method and apparatus described in the Paper for preserving natural waters, or 
artificial solutions, out of contact with air, and for analysing the gases in solution in them, before 
and after keeping, are capable of yielding very accurate results, and that the method is not 
attended with any great experimental difficulties. 


2. That observations of the changes in composition of the gases in solution, which take place 
during the course of fermentation in the presence of mixed organisms, under the conditions 
described, when made in conjunction with an examination of the changes which simultaneously 
occur in the organic and inorganic nitrogenous bodies in the water, are productive of extremely 
important results, and are necessary if it be desired to investigate completely the chemical 
changes which accompany such fermentations. 

3. That with the aid of such observations it is possible to study the various chemical changes 
which take place progressively during the fermentation within certain well-defined conditions 
of any fermentable substance or substances, from commencement to completion, at any 
intermediate step desired. 

4. That it hence becomes possible to demonstrate that the fermentation of substances under 
aérobic conditions by the organisms usually present in water, takes place progressively in two 
distinct stages: (1) that in which the organic substances are completely broken down, the carbon 
and nitrogen being largely converted into carbon dioxide and ammonia, a little organic matter 
remaining as such, but in an altered form ; and (2) that in which ammonia is oxidized to nitrous 
or nitric acids, or both. 

5, That the first stage of fermentation must be complete before the second stage can set in. 

6. That the organic substances which result as products of the first stage of fermentation, 
may undergo further change during the subsequent stage, and give rise to the formation of carbon 
dioxide, and possibly also to nitric acid. 

7. That peaty matters when present alone in a water undergo very slow change, but when 
present with ammoniim compounds, they readily undergo fermentation together with the 
ammonium compounds, just as the organic matters which, as above stated, are formed during 
the first stage of fermentation of animal, vegetable, or artificial organic substances, do during the 
after fermentation of ammonium compounds which may have been also formed thereby, or which 
may have been previously present or added. 

8. That the presence of the above-mentioned fermented organic matters, or peaty matters, 
appear to determine the metric fermentation of ammonia, since in their complete absence, similar 
organisms being present, only nitrous acid is obtained. 

9. That during the intermediate stages of a fermentation of mixed peaty matters and 
ammonium compounds, various interchanges between the two appear to take place, the character 
and extent of which apparently depend upon the relative quantities of peaty matters, ammonia, 
and dissolved oxygen present, and also upon the character of the peaty matters themselves, 
whether they have been freshly formed, or have undergone any previous fermentative changes. 

10. That in the presence of small quantities of peaty, or other fermented organic ‘matters, 
carbon dioxide and ammonia may become “fixed,” during fermentation in appreciable quantities 
no doubt from Winogradsky’s researches to form organic matter. : 

11: That the formation of one part by weight of nitrous nitrogen during the fermentation 
of ammonia, in the complete absence of organic matter, is attended by the consumption of about 
4:2 parts by weight of oxygen. 

12. That for similar volumes of oxygen consumed, the quantity of nitrogen oxidized during 
the fermentation of ammonia is distinctly greater, in the presence of peaty or other fermented 
matters during fermentation than in their absence. 

13. That for similar volumes of dissolved atmospheric oxygen consumed, the quantities of 
carbon dioxide and ammonia “fixed” are also more appreciable in the presence of those organic 
matters during fermentation, than in their absence. 


14. That from the earliest stages of an aerobic fermentation of a strong solution of pure urea, 
containing no other easily fermentable organic substances, nzérous nitrogen is formed in addition 
to ammoniacal nitrogen, in the proportion of about 1 : 4. It is possible that the chemical changes 
which here result in the formation of nitrous acid are not analogous to those attending the 
formation of nitrous acid in the fermentation of ammonia, but rather to those attending the 
formation of the oxidized organic matter during a first-stage fermentation, the nitrogen, in the 
ease of urea, taking the place of the carbon in a more highly carbonated organic compound. 


15. That by determining the changes in the dissolved gases, and in the organic and inorganic 
nitrogenous compounds, which accompany fermentation in natural and polluted waters, it is 
possible not only to differentiate easily fermentable from difficultly fermentable substances present, 
but to approximately estimate their quantity. . 


16. That such determinations are of a very great value in the case of polluted waters, 
because in addition to affording very accurate estimations of the total quantities of fermentable 
matters in them, in terms of the exact volume of atmospheric oxygen necessary for their complete 
fermentation, it is possible by proper examination to determine what fraction of such volume is 
required for the first stage of fermentation, and what fraction for the second—distinctions of the 
utmost importance in considering the technical aspect of the pollution of rivers. 


17. That in the course of the first-stage fermentation of some sewage-waters there is some 
evidence to show that appreciable quantities of atmospheric nitrogen may be fixed. 


Before concluding this portion of my study, it is due to my friend, Mr. James Carson, Assoc. 
R.C.Sc.1., to acknowledge the most valuable services which he has rendered me during the whole 
time I have been engaged upon this investigation. He has not only assisted me throughout in 
carrying out the very laborious analytical determinations incidental to the work, but has further 
assisted me by making and perfecting the mechanical arrangements of the beautiful model of my 
gas-analysis apparatus, which is described in this Paper, 
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Enclosure II. to Dr. Aucney’s Reply. 


THE CourSsE AND NATURE OF FERMENTATIVE CHANGES IN NATURAL AND POLLUTED WATERS, 
okey IN ARTIFICIAL SOLUTIONS, AS INDICATED BY THE COMPOSITION OF THE DISSOLVED 
ASES. 


(Part [V.)—Humus ; its Formation and influence in Nitrification. By W. E. ADENEY, Assoc. 
R.C.Se.L, F.LC., Curator in the Royal University, Dublin. 


INTRODUCTION, 


In this continuation of my studies of the changes in composition of dissolved gases which 
accompany bacterial fermentations in waters, I propose to detail and discuss some experiments 
with certain organic substances which belong to the class termed in my previous communication 
difficultly fermentable substances, to distinguish them from the class of substances which readily 
undergo fermentation in the presence of the micro-organisms ordinarily present in air and water, 
to which class most of the remaining known organic substances, with the exception of antiseptics, 
probably belong.* 

The organic substances which may be included under the heading of “ difficultly fermentable ” 
are those found in good natural waters, and also those to be found in sewage, or other polluted 
waters, that have been subjected to complete fermentation under aérobic conditions, such as 
obtain during slow filtration through sand and soil. 

I have already dealt with some of the latter forms of organic substances,t and also with some 
forms to be met with in natural waters, viz., peaty colouring matters. t 

The substances which have been employed for the eaperiments that I have presently to describe may be 
regarded as representative of the organic matters which occur in cultivated soils, and which find their way 
more particularly into well and spring waters. 

Before proceeding, however, to the consideration of fresh experiments, it is desirable to decide 
upon the use of two new terms to indicate the two stages by which organic substances successively 
suffer aérobic fermentative change in waters, as described in my previous communications. 
During the first, an organic substance in solution is completely broken up; much the greater 
part of its carbon—about 90 per cent. in some cases§—is converted into carbon dioxide, and 
almost all its nitrogen into ammonia (with the one exception of pure urea, the nitrogen of which 
is partly changed into ammonia and partly into nitrous acid||). A small quantity only of organic 
matter remains after the completion of this stage, and that in a very much altered form. 

The characteristic feature of the second stage of change is the oxidation of the ammonia, 
which may have been formed during the first stage, or which may have been originally present 
in the form of an ammonium compound, to nitrous and nitric acids. 

_The organic matters resulting from the first stage of change also suffer a more or less 
complete oxidation in company with the ammonia during this second stage, and appear to play 
the important part of determining the final oxidation of the ammonia to nitric acid, since when 
they are entirely absent—a fact now well known—the product of oxidation is nitrous acid only. ** 

These organic matters also undergo a second stage of change im the absence of ammonium 
compounds ; under these conditions, however, the change takes place extremely slowly; the 
products of the change are carbon dioxide and nitric acid. tt 

It is important to note, in reference to these organic products of a first-stage fermentative 
change, or, as we may call them, fermented organic matters, that, whatever changes they undergo, 
they never give rise to the formation of ammonia. 

It has been suggested to me to employ the terms bacteriolysis or aérobiolysis for the first 
stage, and to restrict the use of tha term nitrification to the second stage, of change. The 
restriction of the term nitrification to the use in this sense is, I think, most advisable, and I 
propose to employ it only in this sense in this and in future Papers. 

It would also be convenient to adopt a simple word, such as bacteriolysis or aérobiolysis for 
the first stage of change ; but, as my friend Professor W. N. Hartley, F.R.S., has pointed out to 
me, neither of these terms can be regarded as indicating with sufficient accuracy the true nature 
of the chemical changes which take place during its course. He has suggested that the terms 
carbon-oxidation and nitrogen-oxidation more accurately describe the two stages of change, on 
the grounds that the phenomena deait with in these studies are really processes of decay or 
eremacausis, and that it is important that it should be clearly shown that no such change can 
take place in organic matters without heat evolution, whether brought about by the action of 
organisms, or by the action of fire ; that is to say actual combustion. 

The terms suggested by Professor Hartley have the great advantage of accuracy in their 
‘application, and, as a matter of fact, I occasionally used the terms carbon-fermentation and 
nitrogen-fermentation in asimilar sense in my first Paper,{{ but hesitated to propose their 
general adoption, hoping that less cumbersome terms would suggest themselves after the 
publication of the Paper. In the absence, however, of such suggestion, I now propose to 
adopt the terms carbon-oxidation, and nitrogen-oxidation, or nitrification, to respectively 
denote the first and second stages of aérobic fermentative changes which form the subject 
of these studies. With the adoption of these terms, we may also adopt the classification of 
all fermentable bodies into (1) carbon-oxidizable bodies, or all fermentable organic substances 
which have not undergone carbon-oxidation ; and (2) nitrifiable bodies, or ammonium com- 
pounds, and organic bodies which have suffered carbon-oxidation. 








* Trans. Roy. Dub. Soc. N.S., Vol. v., Part xi., p. 540, 1895, 

+ Loc. cit., Tables V., [X., X., ete. 

+ Loc. cit., Tables XIV., XV., and XVI. 

§ Loc. cit.. Tables VIT., VII., XI., and XII. 

|| Loc. cit., Table XVII. 

{ Loc. cit., Tables III., V., VIL, VIII, X., XI1I., XV., and pages 587, &88. 
** Loc. cit., Table XVI. 
++ Loc. cit., Table XIV. 
tt Loe cit.,.p. 610. 
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OBJECT OF EXPERIMENTS. 


Turning now to the consideration of the experiments which I have. to describe and 
discuss in this Paper—they have been made with the view of supplementing the information 
which I have already published upon the fermentative, and certain other, properties of the 
nitrifiable organic substances to be met with in natural waters. 

These substances may be divided into three classes, according to their origin: viz. 
(1) the organic matters derived from the carbon-oxidation of fermentative organic substances 
in solution, ¢.g., those present in most good river-waters ; (2) those derived from peat, e.g., 
those to be found in upland surface-waters ; and (3) those derived from the organic matters 
or humus in soil, ¢g., those found in spring and well waters. : 

Classes 1 and 2 have been dealt with in Parts I. and II. of my first communication. 
I have now to take up the consideration of class 3, and I may add that, fortunately for 
my purpose, I have been able to employ a specimen of humus, the formation of which I 
knew beyond doubt to have been due to a true carbon-oxidation of fresh animal and 
vegetable solid refuse matters kept in a moist condition. 


‘ORIGIN OF THE ORGANIC MATTERS (HUMUS) EXPERIMENTED WITH. ’ 


I have already made some reference to this humus in a short Paper published in the 
“Scientific Proceedings” of this Society.* It was found in some sewage sludge which had 
been allowed to ferment for some time under what were practically aérobic conditions. The 
sludge had been obtained from a sewage purification works, in which the coarser portion of 
the solid matters in suspension in the sewage were first separated by mechanical subsidence ; 
the sewage was then mixed with a water solution of manganate of soda; the peroxide, 
which separated out, was allowed to subside, together with the matters remaining in 
suspension in the sewage, to the bottom of the tank in which the operation was conducted. 
It was finally drawn off from the tank in the form of a mud. I obtained several hundred- 
weights of this mud, and first drained* it on a gravel bed, and, when of sufficient 
consistence, I made it up into a large heap, and allowed it to slowly air-dry in a covered 
shed, After being left..in this condition for about three months, I found. the interior 
portions had. assumed a grey colour, and were still wet ‘and clay-like in consistence: only 
those portions of the heap immediately exposed to. the air had retained the original brown 
colour of the peroxide. . 

Some small lumps were detached from different partsof the interior of. the heap, and 
allowed to completely air-dry; an average portion was then analysed. The results of the 
analyses are given in the Paper above referred to (p. 250), and it will only be necessary to 
quote here the main results, They are :— 


Percentage. 
Insoluble mineral matter and silica, , i ; : 16°66. 
Moisture, . ; : 3 ; ; 7 : : 5 15°68. 
Organic matter, “soluble in HCl,” . 2 : ; 4°35, 
5 “insoluble in HCl,” ‘ ; : : 4-00. 
MnO, 5 : : é : 2 b ; : 24°60. 
(NEO Tino ig Gas ; , é ; é 0:005.. 
a 2 é 3) 2 ’ SU, . 
Na,O, K,0, NiO, CoO, Zn0, 20 EGON LORI oes 
COR: . F , j 2 : ; ; : : 18°98. 
SO, (P50, PCL & : : : : : ; ; = 0:96. 
100°695. 


The above results show that the manganese was present as manganous carbonate: a 
careful examination was made for peroxide, but with negative results. 

No trace of sulphuretted hydrogen, nor of other products of putrefactive fermentation, 
such as are met with when sewage solid matters alone are kept under similar conditions, were 
detected. An examination for nitrates was also attended with negative results. Shad 10 

Freshly-precipitated manganese peroxide is also rapidly reduced to manganous carbonate 
when it is kept immersed in comparatively large volumes of sewage water, in which bacterial 
fermentation is actively proceeding. 


REDUCTION OF HYDRATED MANGANESE PEROXIDE IN THE PRESENCE OF ORGANIC © 


MATTER DUE TO LIVING ORGANISMS. 


T pointed out, in the Paper above referred to, that, when we consider the chemical characters 
of the peroxide of manganese, it seems impossible to avoid the conclusion that it owed its 
reduction to manganous carbonate, to the influence of some, at least, of the organisms which 
were abundantly present in the liquid with which it was saturated or immersed, and that the 
decomposition was analogous in character to that which Gayar and Dupetitt have shown 
nitre undergoes when it is present in a nutrient medium in which certain organisms are grown ; 
and I showed, by means of thermo-chemical equations, that if the decomposition of the 
peroxide of manganese be thus regarded as the result of a fermentation, consisting of the 
direct oxidation of organic carbon at the expense of its available oxygen, the changes would 
be attended with considgyable heat evolution, and would therefore constitute a considerable 
source of energy to the organisms. 








* “On the Reduction of Manganese Peroxide in Sewage,” Vol. VIII., N.S. (1894), p. 247. 


+ The NH, in the wet mass, before complete air-drying, amounted to 0°014 per cent. (calculated on 
the wet mass, which contained about 60 per cent. moisture). 


= ‘‘Ann. de la Science Agronomique,” 1885, I., 226; also abstract ‘‘Chem. Soc. Journ.,” XLIX., p. 823. 
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We may now, however, take it for granted that the reduction of the moist peroxide, in Dr. Adeney 


the presence of organic matters, is the work of living organisms ; for since the publication of 
my Paper referred to, my friend and colleague, Dr. E. J. McWeeney, has made the question 
a subject of bacteriological examination, and he has informed me that, in his experiments, 
in which he kept. freshly-precipitated.. manganese . peroxide. in earetully-sterilized nutrient 
liquid media, no reduction of the peroxide was noticed, but that, in those experiments in which 
the nutrient media were seeded, after sterilization, with particles of the same fermented sludge 
as that with which I had worked, a rapid and very abundant growth and development of 
living organisms took place in the media; and at the same time it was noticed that the brown 
colour of the peroxide immersed therein was gradually and completely changed into a yellowish 
white. I subsequently examined )this white substance myself, and found it to consist of 
manganous carbonate. I should add that the nutrient medium employed by Dr. McWeeney 
was a mixture of asparagine and rochelle salt, dissolved in distilled water, to which was added a 
little sodium phosphate and potassium chloride. 


We may therefore regard the chemical change which took place in the mixed solid sewage 
organic matters and peroxide of manganese, in the ‘mass above described, as a true carbon- 
oxidation of the organic matters, the available oxygen of the peroxide affording the necessary 
supply of that gas to the living organisms, just as the dissolved atmospheric oxygen did in 
the solutions of the organic matter-with which I carried out my experiments on carbon-oxidation 
of soluble organic matters,* 


I propose to give an experimental proof that the organic matters which resulted from this 
process of carbon-oxidation possess all the fermentative, besides the physical and chemical, 
properties which I have already shown fermented organic matters and peaty colouring to 
possess In common. 


DESCRIPTION OF EXPERIMENTS UPON THE FERMENTATION OF THE HuMus. 


As will be gathered from the above Table of Analysis, a portion of the organic matters 
present in the sludge was taken up by the acid employed for dissolving out the soluble portions 
of the substance. Practically, however, all was left undissolved when the solution was evaporated 
to dryness, and the residue treated with hydrochloric acid, in the ordinary way, for the separation 
of silica if present. 


The organic matters which were separated in this way were employed for the experiments 
I have to detail. They were brownish black in colour, and were slowly but completely soluble 
in a solution of sodium carbonate. The solution obtained was of deep brown colour, 
indistinguishable from an extract of peat or of garden soil similarly prepared. The ratio of 
organic carbon to nitrogen was 6°84:1. They were therefore similar in these particulars to 
the organic matters contained in the extract of peat employed for the experiments recorded in 
Part II. of my first Paper.t 


I should add that the portions of the sludge which were undissolved by hydrochloric 
acid also yielded, on treatment with sodium carbonate solution, a deep brown solution. The 
details of experiments with this portion of the organic matters of the sludge I must, however, 
leave to a future Paper, should they prove to differ in fermentative properties, which, however, I 
do not anticipate. The ratio of organic carbon to nitrogen of the total organic matters in 
the fermented sludge was 7 : 1.t 


The experiments with the organic matters above described were carried out in accordance 
with the methods described in my first Paper. The analytical determinations, made before and 
after keeping the various solutions, employed for experiment, out of contact with air, are recorded 
in the following Table XVIII. 


The first solution (H) was prepared by dissolving a known weight of the humus in distilled 
water and a little sodium carbonate ; and when the solution was complete, a few drops of 
sediment from one of my old experiments with peat extract were added for the purpose of 
seeding, together with the necessary mineral salts, and the whole was diluted to the necessary 
bulk with distilled water. 


The solution #7’ contained a similar quantity of humus in solution as H, but more sodium 
carbonate, and, in addition, ammonium chloride. 





* Professor W. N. Hartley, F.R.S., has recently published a short interesting paper on “‘ The Cause and 
Nature of the Chemical Changes occurring in Oceanic Deposits,” in which he points out that the chemical 
changes which take place between the organic matter and the mineral salts in fresh- and sea-water mud are 
to be ascribed to the action of well-recognized living organisms, and shows, by thermo-chemical equations 
that, at each stage of change, there is heat evolution.—Proc. R. 8., Edinburgh, 1895-96, p, 25. 

+ Loe. cit., p. 593. 

t It should also be noted that an examination of wet portions of the fermented slud, ge was made at the 
time the above analysis was carried out, with the view of ascertaining whether there still remained in the 
sludge any organic matters which had 1.0t und+rgone complete carbon-oxidation. For this purpose, about 
40 grms. of the sludge were saturated with 2 litres of water; and portions of the water, with the sludge 
matters in suspension, were transferred to bottles and preserved out of contact with the air for 21 days, 
according to the method I have described. On examination of samples (in which, of course, the matters in 
suspension had previously been allowed to completely subside), before and after keeping, indications of a 
considerable fermentative change were found. The whole of the dissolved oxygen had been consumed during 
the period of keeping out contact with air, and a large volume of carbon dioxide formed ; but inasmuch 
as no appreciable increase in the amount of ammonia, originally present, was detected, and the water 
remained perfectly free from unpleasant odour, or any other indication of putrefactive fermentation, it 
appeared evident that the fermented sludge, at the time I commenced my examination of it, contained only 
small quantities of organic matters that had not undergone complete carbon-oxidation. No nitrous or 
nitric acid was detected in these solutions, either before or after keeping. 
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Dr. Adeney, TABLE XVIII —Lxperiments with Humus obtained by the fermentation of wet solid animal and 


vegetable matters in the presence of hydrated manganese perowide, 


Solution H contained 0:0465 grammes organic carbon, 


0O'l 
0'1 Arce! i 
a small quantity of NaHCoO,, 


33 
9 


” 


nitrogen, 
49 


per litre. 


[The gases are expressed in ¢.cs., measured at 0° C., and 760 mm. bar., the other constituents as 
parts by weight, per litre of water.] 


No. of 
Experiment. 


la 


S 


to 


2a 


3a 


4a 


Or 


Date of com- 
Experiment. 


mencement and 
of conclusion of 











1897. 
Mar. 24, 


1896. 
Mar. 31, 


July 21, 


23, 


” 


April 4, 


July 25, 





Te 1h SO 7 





Or 


Jan. 


Description of 
Experiment. 


Solution H, aérated, 


Same after ferment- 
ation, 


Another bottled 
portion after fer- 
mentation, 


Solution H+ AmCl 


= H,, 
Same after ferment- 
ation, 


Another bottled 
portion after fer- 
mentation, 


Solution H, diluted 
with distille 
water, 1: 9, ; 


Same after ferment- 
ation, 
Another bottled 

portion, 


Remaining solution 
trom Exp. 1 and la 
+more — solution 
(H’) of Humus+ 
AmCl (prepared 
Feb. 26); whole 
diluted with equal 
bulk of water= H,, 


Same after ferment- 
ation, 


Another bottled 
portion after fer- 
mentation, 


Solution H, + AmCl, 
diluted with dis- 
tilled water 1 : 6, 


Same after ferment- 
ation, 


/ 


Another bottled 
portion after fer- 
mentation, 








CO, 


16°73 


17°80 


19°84 





8:97 


8°51 


24:09 








7:65 


7°52 


5°29 


2°09 


752 





3°51 


3°66 


hE 


0 





7°59 


0°98 


Ny 


15°30 


15°35 


15°26 


15:2 


150 


15°08 


15°48 


15°34 


15°39 


15°30 


15:13 


15°16 








N as NH,|N as N,0, 


0002 


004 


004 


0005 








0001 00112 


00005 00144, 


0016 0 








0 








Nas N,O, 


0008 


‘001 


001 


00078 


‘00091 


0002 


0018 


00195 





Remarks. 


Deep brown 
colour. , 


Ditto. 


Ditto. 


Faintly but 
distinctly 
coloured 
greenish 
yellow. . 


Ditto. 


Ditto. 


Stronel 5 
coloured 
brown. 


Ditto. 


Ditto. 


Faintly — but 
distinctly 
coloured 
yellowish 
brown. 


Ditto. 


Ditto. 
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The results of the experiments recorded in the previous Table will be more readily seen py, Adeney. 
when expressed in a tabular form as follows :— — 


TABLE XIX.—Showing quantitatively the fermentative changes which occurred in the composition of the 
dissolved gases, and of the inorgunic nitrogen c.mpounds during the experiments 
recorded in the previous Table. 











mejadnont Duration of Experiment. CO, O, Nas NH; | Nas N,O, | N as N,O, 
1 22 days as shied + 1:07 — 2°23 —_ _ + *0002 
la Ramage Rot dash colheri | it 8/11 — 5-43 —-0002 ay +0004 
2 Tony LP OPT 9-59 — 1-00 A s =O? 
Qa Bo dstaw, Aidasioii< bombo it '146 927k = = +0002 ? 
e CCE lar ean ei ae — 4:15 — 0005 — + 0002 
30 1 year - - : - + 1°43 — 4:00 — *0005 _ + ‘0002 
4 4 months - - - - + 2°40 — 777 — 0023 + 00112 + 0007 
4a 4months - - - - + 2°13 — 777 — 00235 + 00144 + .00087 
5 4 months (nearly) — - - — 0:06 — 6°43 — 0016 -— +.0016 
5a 9months - - : = — 0-13 — 6°61 — 0016 _ + 00175 























On examining the results recorded in the above Table it at once becomes apparent that the 
fermentative properties of the humus employed for the experiments are alike in character to 
those which I showed in my first communication were so characteristic of fermented organic 
matters and of peaty colouring matters, and to which I have already referred. 

For example, in experiments 1 and la, in which the humus was present in comparatively 
large, and the ammonia in extremely small, quantity, we have a very slow fermentation, the 
products of which are carbon dioxide and nitric acid, which was partly derived from the nitrogen 
of the humus. 

In experiments 2 and 2a, it is evident that the time allowed for fermentation was insufficient, 
and only a slight fermentative change is exhibited, resulting simply in the production of small 
volumes of carbon dioxide, the consumption of small volumes of oxygen, and the doubtful 
formation of a small quantity of nitric acid. In the succeeding experiments 3 and 3a, a part of 
the same solution as that employed for experiments 2 and 2a, and which was kept in a vessel 
freely exposed to the air between the dates February 24th and March 16th, was diluted, on date 
of experiment, with distilled water in the proportion of one volume of the former to nine of the 
latter and used. The results were the formation of small quantities of carbon dioxide, and of 
nitric acid, the consumption of a part only of the dissolved oxygen, and the disappearance of all 
the ammonia originally present. 

In experiments 4 and 44, it became necessary to employ, in addition to the portions of H 
which remained from previous experiments, some fresh solution of humus (H'), which had been 
prepared on February 26th previously, and had been kept since its preparation in a vessel freely 
exposed to the air. These experiments were made to examine the fermentative properties of 
the humus in the presence of a decided quantity of ammonia under more suitable conditions than 
experiments 2 and 2a were found to afford. In those experiments, the ammonia was present in 
unnecessarily large quantity, and prevented the certain detection of smali quantities of -nitric 
acid if formed. Accordingly, fer experiments 4 and 4a, a less quantity of ammonia was taken, 
and a longer time allowed for fermentation. The results of these experiments showed that, 
when the dissolved oxygen was insufficient for the complete oxidation of the ammonia present, 
beth nitrous and nitric acids may be formed, and small volumes also of carbon dioxide. 

The conditions secured for the next and final experiments (5 and 5a) were arranged, so that 
oxygen should be present in just sufficient quantity for the complete oxidation of the ammonia, 
and in each experiment the oxidation of the ammonia to nitric acid was complete. These 
experiments also prove that a nitric fermentation of ammonia may be carried on in the presence 
of small quantities of humus, without any carbon dioxide being formed, there being some 
evidence (see 5a more especially) that a small quantity of carbon dioxide was actually “ fixed.” 
Abundance of evidence of a similar nitric fermentation, in the presence of both fermented 
organic matters and of peaty colouring matters will be found throughout my first communication. 

These experiments afford additional evidence, to that I have already published, to the effect 
that organic matters, which are themselves the result of bacterial fermentative changes, or a 
carbon-oxidation of fresh organic substances, take an active part in any subsequent fermentation 
of ammonium compounds with which they may be mixed, and determine the netric fermentation 
of those compounds.* 

In addition they extend our knowledge nitrifiable organic substances to those which may be 
derived from cultivated soils, or, in other words, to the organic matters which may be more 
especially met with in waters that have passed through cultivated soils (spring and well waters) ; 
and they show that these organic matters in no way differ in general fermentative properties 
from those to be met with in waters holding peaty colouring matters in solution (upland surface 
waters), or from those to be met with in waters in which a complete carbon oxidation of the 
organic matters from past pollution by sewage, or other surface drainage waters, has taken place 
(most, if not all, good river waters). 











* Loe sit., pp. 593-613. 
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We have, in fact, from these experiments, and those I have already published, fairly complete 
information as to the possible fermentative changes which the. nitrifiable substances to be met 
with in natural waters, whether they be upland surface, well or spring, or river waters, may 
undergo. j 

These changes may be briefly summarized as follows :— 

1. When the nitrifiable substances are freshly formed, and are present in comparatively 
large quantity in a water, the formation of a decided volume of carbon dioxide, in proportion to 
the volume of dissolved oxygen consumed, and the formation also of a quantity of nitrous or of 


nitric acid, or both, but in small quantities, may attend the earliest stage of fermentative change | 


they may undergo.* 

2. At subsequent stages the volume of carbon dioxide formed is not so large, and the in- 
organic nitrogen products, nitrous or nitric acid, become the more marked in quantity in propor- 
tion to the oxygen consumed. ft 

3. Ata still later stage, at the completion of which all the ammonia becomes fermented, 
little or no carbon dioxide may be found, but, on the contrary, a little may become “ fixed”; the 
inorganic nitrogeu products consists then of nitric acid solely. { 

4. When little or no ammonia is present, freshly formed nitrifiable organic matters may 
undergo at first a slow change, during the first steps of which-distinct volumes of carbon dioxide 
and of dissolved oxygen may be formed and consumed, respectively ; small quantities of nitric 
acid are formed at the same time.§$ ; 

5. But after these earlier steps of change the fermentation becomes slower, and finally 
becomes so slow as to be scarcely appreciable ; still the results are the formation of carbon dioxide 
and nitric acid, and the consumption of a proportionately small volume of dissolved oxygen.|| 

This brief summary of the fermentative changes which nitrifiable organic substances may 
undergo in the presence and absence of ammonia shows how definitely and easily this class of 
inorganic substances may be differentiated from unfermented or “carbon oxidizable” substances 
when both classes occur together in a water; and it emphasizes the point I put forward in 
Part IIL. of my first communication, viz., that the analysis of suspicious and polluted waters should 
always include an examination of the fermentative changes which may occur in the composition 
of the dissolved gases and of the inorganic nitrogen compounds contained in such waters—an 
examination which is easily made, when the waters are preserved in the manner and under the 
conditions I have described. 

If, for example, a water be regarded as suspicious for potable purposes, on account either of 
its containing too much organic matter, or an abnormally large amount of ammonia, an examination 
of it by the methods I have employed in these studies will yield exact information, whether in 
the first case, any portion of the organic matters are in an unfermented condition or not, and, in 
the second, whether the ammonia will suffer rapid nitrification or not. 


Information as to both these poifits are essential before a definite opinion can be expressed as. 


to the suitability or otherwise of the water for potable purposes. Since a positive result in either 
case would definitely condemn the water for such use, for in the first case, very recent pollution 
would be indicated, while in the second case an abnormal bacterial activity would be revealed, 
which, in the light of recent bacteriological teachings as to the true functions of a filter, ought to 
be regarded as indicating insufficient filtration. As an example of this latter case, I may quote 
the examination of a water which recently came under my notice. An ordinary analysis showed 
that the water contained ammonia in somewhat excessive quantity, viz., 016 parts (nitrogen as 
ammonia) per 100,000 of the water. It also yielded 009 nitrogen as albuminoid ammonia per 
100,000. The water was classed as suspicious, and I examined it for fermentative changes with 
the following results :— 


CO, Oz N, Nas NH, NasN,O; N as N,O; 
Before keeping . s ++ 113°69 4°03 15°69 00016 0 0025 
After keeping for 7 days  . 113°59 3°76 15°76 0 0 0025 
Fermentative changes . oo -0°33 — —"00016 -— — 


The constituents are expressed as in the previous Tables, viz., gases as c.c. at N. T. P., and 
nitrogen compounds as parts by weight, per 1000 c.cs. of water. It should be noted the water 
was slightly turbid, but contained no suspended matter. The results show the ammonia was 
completely taken up, and that a corresponding volume of oxygen was consumed during the sever 
days the water was kept, but that no carbon dioxide was formed. This comparatively rapid 
nitrification of the ammonia must have been due to a decided bacterial activity in the water. On 
subsequent inquiry it was found that cases of typhoid fever had occurred in the house supplied 
from the well. ; 

When we turn to the consideration of polluted waters in reference to the question of 
the pollution of rivers, I think that it will be conceded that the experiments recorded in 
this and in my previous Papers, establish beyond question the desirability and necessity of 
including, in the analysis of such waters, a determination of the unfermented organic 


matters they may contain, in terms of the volumes of free oxygen and of carbon dioxide ~ 


which will be consumed and ‘formed, respectively, and also if they contain nitrogen of the 
ammonia which will be formed during their complete carbon-oxidation. 

To complete the analysis of such waters, the volume of free oxygen consumed durin 
the subsequent nitrification of the ammonia may be determined, but this, I believe, will be 
found unnecessary for technical purposes. 

I trust shortly to be able to publish the results of some further experiments both in 
earbon-oxidation and in nitrification, the solutions for which have been preserved at blood- 
temperature in an incubator. 








* Loc, cit., Table V., exp. 1; Table XIV., exp. 2; Table XV., exps. la and 10. 

+ Loe. cit., Table V., exp. 3; Table VIII. ; Table XIIL., exp. 7; Table XY., exps. 3, 4, 5, 2a and 3a 
also sag mates (ahora exps. 4 and 4a. 

+ Loe cit, Table V., exp. 4; Table VIL, exp. 6; Table X., exp. 3; Table XV., exp. 2b; also Table 
p. 588: also lable XVIIL. (above), exps. 5 and Kae p ig "ae Soa 

§ Loc. cit., Table XIV., exp. 5. 


|| Loc. cit., p 561; Table [X., exp. 4; Table XIII., exps. 5 and6; Table XIV., exp. 6; also Table 


XVIIL. (above), exps. 1 and la, and 3 and 3a. 
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Enclosure III. to Dr. Adeney’s Reply. 


STUDIES IN THE CHEMICAL ANALYSIS OF FRESH AND SALT WATERS. 


(Part I.)—Applications of the Aeration Method of Analysis to the Study of River Waters. By 
W. E. Aprney, D.Sc., A-R.C.Se.L, F.1.C., Curator, and Examiner in Chemistry, in the 
Royal University of Ireland. 


I have recently had occasion to make some careful studies of non-tidal and tidal river 
waters, and it has occurred to me that a brief record of some of my results may prove of value 
at the present time, when the best methods of analysis of polluted waters is still a subject. of 
inquiry and discussion. 

Recent work upon this class of waters has all gone to emphasize the importance of 
distinguishing the unfermented organic matters from the fermented, and to estimate the 
proportion in which they exist, when present in a water. 

I communicated a paper* to this Society some five years ago, in which I described a method 
of analysis, and the experimental investigation cn which it was based, capable of effecting 
both these objects. 

Dr. George M‘Gowan has very appropriately termed it the “Aeration Method,” and I 
propose to adopt this term. : , 


THE AERATION METHOD OF ANALYSIS. 


Although I have published a detailed description of the method, it will perhaps prove 
convenient, if I give a brief outline of it here. The bottle in which the sample of water for 
analysis is collected is completely filled and carefully stoppered, so as to exclude every trace of 
air. The bottle is then conveyed to the laboratory without delay, and the sample is divided into 
two portions; the dissolved gases, and inorganic nitrogen compounds, are determined in one 
portion ; the other portion is carefully preserved out of contact with air in the bottle into which 
it has been transferred, and which it completely fills. This is easily done by keeping the bottle 
immersed in water, neck downwards. 


Dr. Adenry. 


After keeping for a sufficient time, the dissolved gases and inorganic nitrogen compounds - 


are determined as with the first portion, and the two sets of results give the means of 
determining quantitatively the changes in composition of the dissolved gases, and of the nitrogen 
compounds, brought about by the fermentative processes which the sample has undergone during 
the time it has been kept. 


ADVANTAGES OF THE AERATION METHOD. 


The advantage of the method was shown to be that it gave absolute results and not 
comparative, and determined with very great accuracy the amount of fermentable organic matter 
present in the water, in terms of the carbon dioxide, and of the ammoniacal, and (possibly) nitrous 
and nitric, nitrogen formed, and of the dissolved oxygen consumed by their complete aérobic 
fermentation, and that also it enabled a distinction to be drawn between the oxygen consumed 
in the fermentation of the organic matter, and that consumed in the fermentation, or nitrification, 
of the ammonia: The value of the method has been recognised by chemists having a special 
knowledge of the subject. It, however, necessitates the determination of the dissolved gases in 
a polluted water, both when fresh and after fermentation. This involves, of course, gasometric 
analysis ; and gasometric methods have apparently been avoided where possible by analysts in 
water analysis as being too laborious. 

Attempts have been made to obtain sufficiently definite results without the aid of gasometric 

methods of analysis, but I do not know that any of them have been followed with even partial 
success. 
' It was hoped that some definite relationship would be found to exist between the actual 
quantities of organic matters in polluted waters, and the “ oxygen absorbed” by them from acid 
permanganate, and possibly also the “albuminoid ammonia” yielded by them with alkaline 
permanganate, Practical attempts, however, to establish such relationships have failed to realise 
this hope. The important papert recently communicated to this Society by Professor Letts, D.Sc., 
and his pupils, gives some interesting experimental data, showing, amongst other results, that no 
relation exists between the oxygen actually consumed by the fermentation of the organic matters 
in a polluted water, and the “ oxygen absorbed” from acid permanganate ; and that albuminoid 
ammonia determinations likewise afford no definite information as to the character, or quantity, 
of the organic matters in a polluted water. 


ALL THE DISSOLVED GASES IN A WATER SHOULD BE DETERMINED, AND NOT THE DISSOLVED 
OXYGEN ONLY. 


Some hope has also been entertained that simple determination of the dissolved oxygen in 
the water at the time of collection by one of the well-established volumetric methods might yield 
important information as to the condition of the water when collected, more especially in the 
examination of river waters for pollution. 

It becomes obvious, however, upon reflection that such determinations, although capable of 
being made with great accuracy, can be of very limited value, since at best they must be liable 
to very serious errors when calculated into percentages of saturation in order to reduce them to a 
standard and comparable form, owing to the uncertainty as to the standard quantity of dissolved 
oxygen the water should contain, if unpolluted, when the only datum known in connection with 
‘the water at the time of collection is that of its temperature. I may here note that this difficulty 
does not arise in the aeration method, since the dissolved nitrogen is determined in addition to 
the dissolved oxygen, and this gives us the means of calculating the maximum quantity of 
oxygen which should be dissolved in the water at the time of collection. 





*_Trans,oR.. Ses Sage ¥ Olesvigs Pte xi:771895. 
+ Scien. Proc. R.D.S., Vol. ix (N.S.), Pt. tii, p. 337. 
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EXPERIMENTAL DETAILS OF THE AERATION METHOD NOT LABORIOUS, 


The failure so far to discover a reliable method of ana'ysis without the use of gasometric 
methods, induces me to again draw attention to the aeration method, and to illustrate its value by 
some practical applications, more especially as extended experience with the method has convinced 
me that it can be carried out with greater ease and more quickly than would be anticipated 
by chemists not practically acquainted with it. With the special apparatus described in my 
original paper (see also “Chemical News,” vol. 62, pp. 196-199, and 204--206) for extracting, 
measuring, and analysing the gases dissolved in the water, and employing an extraction flask, of 
not less than 1,600 c.cs. capacity, and working with 100 c.cs. of a sample of water, I find that the 
dissolved gases may be extracted, measured, and analysed in six samples, one after another, easily 
within six hours, including the washing out of the Eudiometer and Laboratory vessel necessary 
between each analysis. 


IT am also induced to again draw attention to the aeration method, in that I am now 
prepared to describe a modification of it, whereby the “oxygen absorbed” by fermentation in a 
polluted water muy be determined by a single gas measurement. A detailed description of this 
modification will shortly follow in Part II. of this Paper. 


APPLICATION OF THE AERATION METHOD TO THE STUDY OF A SLIGHTLY POLLUTED Non 
TIDAL RIVER WATER. 


The value of the aeration method is well illustrated by the results of analyses, recorded in 
Table I, on next page, of samples of a slightly-polluted non-tidal river water, viz., the river Liffey, 
from immediately above Chapelizod to the weir at Island Bridge. 


The purpose of the examination of this water was to ascertain whether it was a safe water 
for out-door and strictly non-dietetic use. 


The water is pumped up from a point just above the weir, and is stored in a large tank for 
the purpose of distribution. | 


Samples 1 and 2, Table L, were collected on the same day, September 21st, 1899, during dry 
weather. ‘The first from immediately above the weir, and the second from the bottom of the 
distributing tank into which the water was being pumped at the time. | 


The ordinary analytical determinations recorded in Table I. cannot be regarded as indicating 
the existence of any fresh polluting matters in the water ; the only conclusion that can in fact be 
drawn from them, is that the water is an excellent river water. 


The composition of the dissolved gases, however, before and after fermentaticn, show a 
marked difference, and indicate, when, taken into consideration with the inorganic nitrogen 
compounds, the presence of very decided quantities of fresh organic matter in sample 1, and 
show also that the quality of sample 2 is much better than that of sample 1. 


The difference in composition of the dissolved gases also affords the means of estimating 
exactly, the quantity and character of the polluting matters in each sample. No. 1 for instance 
is shown to have undergone a very decided fermentation on keeping, during which nearly the 
whole of the dissolved oxygen had been consumed ; and the fermentative process is shown also to 
bave consisted of both a carbon fermentation and a nitrogen fermentation. 


We may also conclude from the relative proportions of carbon and nitrogen fermented that 
the unfermented organic matters, originally present in the water, were of vegetable origin. 


The analysis of sample 2 shows that the fermentative process which went on in the 
sample, when kept, was almost entirely confined to a nitrogen fermentation, and that consequently 
but little, if any, unfermented organic matter was originally present in the sample. 


The carbon fermentation in this sample had, no doubt, taken place during the time of storage 
in the distributing tank. 


_ Tought, perhaps, to explain the particular meaning I attach to the terms “carbon fermenta- 
tion,” and “nitrogen fermentation,” before proceeding further. 


I have used these two terms to indicate the two progressive steps in which the bacterial 


fermentation under complete aérobic conditions of organic substance and of ammonia takes 
place. 


The organic substances are first completely broken down, and oxidized almost entirely into 
carbon dioxide, water, and ammonia. ‘Traces of oxidized organic matters are also formed, and 
these undergo a more or less complete further oxidation into carbon dioxide and nitric acid 
during the subsequent fermentative process of the oxidation of the ammonia into nitric acid. 
Thus during the first step of the fermentative process, the oxidation of the unfermented organic 
carbon is the main factor of the process; while the oxidation of the ammoniacal nitrogen into 
nitric acid is the main factor of the second step of the fermentative process; hence the terms 
“ carbon fermentation” and “ nitrogen fermentation” which I have employed. When the 
ascertained consumption of oxygen covers both fermentative processes, the loss due to each 
process may be calculated with sufficient accuracy for practical purposes on the assumption that 
the loss due to the nitrogen fermentation is equal to the volume of oxygen theoretically required 
for the direct oxidation of the quantity of ammonia found to have been oxidized by fermentation. 
(I have fully treated this question in my original Paper.*) 





*Trans. R.D.S., Vol. V., pp. 593-604. 
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The samples 3, 4, and 5 in Table I. were all collected on October 16th, and in dry weather. 
Their analyses again illustrate the very great value of dissolved gas determinations before and 
after fermentation. They indicate a very great difference in quality between samples 3 and 4 on 
the one hand, and sample 5 on the other. 


In sample 3, a slight fermentation took place on keeping, but it was practically confined to a 
nitrogen fermentation. In sample 4 the fermentation was more decided, and it consisted of a 
slight carbon as well as a slight nitrogen fermentation. 


The analysis for sample 5 shows not only a very decided fermentation but also that it 
was also entirely confined to a carbon fermentation. As a matter of fact 0°28 parts of carbon per 
100,000 of the water underwent fermentation, and -033 parts of nitrogen were converted into 
ammonia during the process, but it is to be noted that about one-third of this nitrogen was 
derived from nitrates originally present, and only two-thirds from unfermented organic matter. 


The analyses therefore show that the ratio of carbon to nitrogen in the unfermented organic 
matters originally present in the water was 1:10, a ratio which, taken together with the fact 
that the organic matters were unaccompanied by ammonia, proves them of vegetable origin, and 
that they were not derived from sewage. As a matter of fact I may explain that they were due 
to decaying vegetable matter of the autumn season. 


The analytical details for samples 6 and 7 further illustrate the valuable and definite results 
obtainable by the aeration method. I need only refer to one point in connection with them. 
Sample 6 was collected on October 25th, when rain was commencing to fall after a somewhat 


lengthened period of fine dry weather, and at a time when rain had commenced to affect the ~ 


water-in upper reaches of the river. 


Sample 7 was collected on the following day, after heavy rain had been falling for some 
hours previously. I mention these points to draw attention to the marked influence of the rain 
upon the quantity of carbon dioxide in the water at the commencement of the autumn season. 


APPLICATION TO THE STUDY OF A POTABLE WATER-SUPPLY. 


The next subject of examination which I wish to notice is that of the Rathmines water- 
supply, and I notice it in order to illustrate the value of a knowledge of the composition of the 
dissolved gases in certain cases of doubt in connection with potable waters. 


The Rathmines water-supply is an upland surface-water of excellent quality, the catchment 
area being most carefully guarded against contamination of sewage matter of any kind. 


In June and the early parts of July of last year, serious complaints were made by the 
residents of the Rathmines district, that the water as supplied to them was turbid and decidedly 
coloured, and often emitted unpleasant fish-oil odours, and even at times developed oily scums on 
its surface when drawn in large quantities for bath purposes, &c. 2 


On investigation, the bad appearance and. odour. complained of were found to be due to 
unusually luxuriant growths of microscopic organisms of various kinds, but chiefly of Algz and 
Diatoms. The water at the time was unfiltered, and consequently the consumers experienced to 
the full the effect of these luxurious growths immediately they began to die down and decay. 
The Waterworks comprise two reservoirs: the upper reservoir situated at Glan-na-Smol, Co. 
Dublin, and forming the storage tank, is 50 feet deep in the deepest part, and possesses a storage 
capacity of 350,000,000 gallons ; and the lower or service reservoir, situated nearer Dublin, at 
Ballyboden, which has a storage capacity of 11,000,000 gallons. 


The microscopic growths were particularly luxuriant in this latter reservoir, so much so, 
indeed, that the stones all round it, from the surface to a depth of 18 inches, were completely 
covered with a most luxuriant growth of filamentous Alge. 


The effect of the débris from the luxuriant vegetation is shown by the analyses recorded in 
Table II. Samples 2 and 3 were drawn from the lower service reservoir. The other samples 
represent the condition of the upper storage reservoir. On comparing the analyses recorded in 
the table, it is at once seen that the water from the upper reservoir, during its passage through 
the lower reservoir, received a marked addition of polluting matters ; but I am more concerned 
at the present to draw attention to the value of a knowledge of the composition of the dissolved 
gases in the samples 5, 6, and 7 from the upper reservoir. These were all collected on the same 
day, namely July 24th, and represent the condition of the water in the reservoir at two different 
levels below its surface—samples 5 at about 5 feet below the surface, and samples 6 and 7 at about 
20 feet below the surface. Sample 5 may be fairly taken to represent the average condition of the 
water as it entered the reservoir through the catch-water channels. Its analysis shows it to be 
slightly different in quality from the samples 6 and 7 from the 20-foot level. The analyses of the 
two latter samples indicate the existence of slight quantities of polluting matter at the lower 
depths of the reservoir ; but with a knowledge of the composition of the dissolved gases in 
addition to the ordinary analytical data, we find that an active state of both carbon and nitrogen 
fermentation was taking place in the lower levels of the reservoir, and that the carbon fermenta- 
tion was practically wholly due to vegetable débris. 


The dissolved gases determinations also afford the necessary data for distinguishing the 
proportion of the dissolved oxygen consumed by the carbon fermentation from that consumed by 
the nitrcgen fermentation in the manner I have described above. 
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APPLICATION TO THE STUDY OF THE WATERS OF A RIVER. 


The third subject of study which I have to notice is the tidal portion of the river Liffey, or 
rather its estuary. Analyses of samples collected from both the surface and bottom waters of the 
estuary are recorded in Tables III. and IV. in the following pages. 


After the references I have made to the two preceding tables it will be unnecessary to make 
any detailed reference to these further tables. I need only remark that the application of the 
aeration method to sea-water is attended with results quite as definite and as valuable as those 
obtainable when applied to the examination of fresh waters. 


The “outfall” referred to in the tables is, I should explain, situated a few yards to the north 
of the South Wall, and about half a mile below the Pigeon House Harbour. 


These analyses, besides illustrating the value of the aeration method when applied to the 
analysis of sea-waters, will be found, on careful examination, to afford some valuable evidence 
upon the question of the disposal of sewage matters from which the heavy solid matters have 
heen previously separated by discharging them into tidal waters. It will be seen from the 
analyses that the effect of the liquid and the lighter solid sewage matters discharged from so 
populous a city as Dublin and its neighbouring districts is confined in calm weather to the surface 
waters of the estuary, the bottom waters being but slightly affected even at low tides. Thus in 
samples 9 and 10, Table IV., the percentage of oxygen found in a sample of the surface water, 
collected at low spring tide opposite the Pigeon House Harbour, and in calm weather, was 9:9, 
after it had been kept for five days out of contact with air, while the percentage of oxygen found 
in the sample collected at the same spot, but 14 feet below the surface, was 86°37. 
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ERRORS ARISING WHEN THE OXYGEN ONLY OF THE DISSOLVED GASES IS DETERMINED. 


One further point which these analyses illustrate, and which must be here emphasized, is the 
nature and extent of the error to which I referred in the earlier part of this paper as more or less 
seriously affecting the results obtained by volumetric methods for dissolved oxygen. 


The practice hitherto amongst analysts for the estimation of the dissolved oxygen in a water, 
when such has been necessary, has been to adopt one of the volumetric methods, and to employ, 
for the purpose of calculating the quantities of oxygen found into percentages of saturation, tables 
giving the maximum quantities of oxygen which distilled water holds in solution when saturated, 


at different temperatures. 
we 


Although it is well known that accurate determinations of the actual quantity of oxygen 
dissolved in the water may be made, within certain limiting conditions, by Schutzenberger’s, or 
by Thresh’s, volumetric method, a serious difficulty arises when it comes to the question of the 
standard of oxygen saturation to be taken for the purpose of calculation. This becomes evident 
immediately it is remembered that the composition of the dissolved gases in still water alters 
very slowly with alterations of temperature, so that samples of a good fresh river water may be, 
and probably always are, either over-saturated or under-saturated with oxygen for the 
temperatures of the water at the times of collection. 


When it happens that the waters examined are pure sea water, or mixtures of sea and river 
waters, such as in tidal rivers, the error becomes still more serious, since the solubility 
of atmospheric oxygen is very much less in sea water than in fresh, temperature for temperature. 


If, however, the dissolved nitrogen, as well as the oxygen, be determined, we have thereby 
the means of calculating whether the volume of dissolved oxygen found does actually represent 
the state of oxygen saturated for the conditions to which the water had been subjected at the 
time it was collected, or of calculating, if it does not, its exact amount below that state. 


The truth of these statements will be apparent from the following table, showing the 
solubility of atmospheric nitrogen and oxygen at different temperatures in distilled and in sea 
waters :— 


The gases are expressed in c.cs., at N.T.P., per 1,000 c.cs. of water. 





Sea-water.* Distilled water.+ 
Temperature. Sea-water. Distilled water. 





Nitrogen. | Oxygen. | Nitrogen. | Oxygen. 
































| 
10° C. 12:47 | 645 | 15-47 | 7-87 | 0; = = mie 
15”. C. 11°34 5°83 13°83 7-09 0, = Ne iat 
20° C. 10°41 5°31 12°76 6°53 02 = isis ot 
25° C. 962 | 4:87 | 11°81 | 5-97 O, = aa val 

















* Dittmar, ‘‘ Challenger” Reports, p. 224. 
+ Roscoe and Lunt, Journ. Chem. Soe., 1889, 552. 
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ROYAL COMMISSION ON SEWAGE DISPOSAL. 





I. EXPERIMENTS WITH SEWAGE SLUDGES ON MANGOLDS AND TURNIPS IN 1905-6. 





In the spring of 1905 the Board of Agriculture were approached by the Royal Commission on Sewage Disposal, 
with the view of assisting them to obtain facilities at one or more collegiate centres or experimental stations, for 
tésting under practical agricultural conditions certain dessicated sewage products commonly called “‘ sludges.” The 
Board consequently entered into provisional arrangements with the following colleges and stations :— 


Rothamsted Experimental Station (through Mr. A. D. Hall). 

Cambridge University Department of Agriculture (through Professor Middleton). 
Leeds University Department of Agriculture (through Professor Seton). 

S. E. Agricultural College, Wye (through Professor M. J. R. Dunstan). 

Glasgow and West of Scotland College of Agriculture (through Professor Wright). 


the land on which the experiments were carried out was of the following character :— 


At Rothamsted, strong flinty loam overlying Chalk. 

At Cambridge, moderate gritty loam overlying Gault. 

At Leeds, strong drift soil overlying the Coal Measures, 
At Wye, strong flinty loam overlying Chalk. 

At Glasgow, strong loam on the Carboniferous Formation. 


It was arranged that the tests should be made on roots (turnips, swedes or mangolds), that each plot should, if 
possible, be one-twentieth of an acre in extent, and that all the plots should be duplicated. 


Seven sludges were selected for experiment, and consignments were delivered to the various centres under a number, 
the origin and character of the materials not being divulged. The preparation of those sludges and their chemical 
and bacteriological analyses are given on pp. 8-11. 


The material was put up in bags of 1 cwt. each, but on May Ist Professor Middleton wrote to say that many of 
the bags on arrival weighed less than 100 lbs., the loss of weight being doubtless due to evaporation of water on the 
journey. As no manurial constituent could have disappeared, Professor Middleton and the other experimenters were 
asked to weigh all the seven consignments, and from the results to re-calculate the quantities given in the accompany- 
ing Table (No. 1). The amounts of Phosphoric Acid and Nitrogen shown in the Table were actually applied to the 
plots concerned (except in the case of Cambridge, where the actual quantities of sludge specified in the Table were 
used), though the figures are based on the weights of the sludges as put on rail. 


The artificial manures used in the experiment were analysed at the various centres with the following percentage 
results :— 

















aad | Leeds. Glasgow. tothamsted. Cambridge. — Wye. 
is : Be As . 
Sulphate of Ammonia N = 20°28 N = 20°20 N= 193 N = 203 N = 19°76 
Sttperphosphate - ferent ssa 108 Sol. P,O; = 13°19 | Sol. P,O; = 17°5 | Sol. P,O, = 148 |Sol. P,O, = 11°91 
Show hack % ( 

Potash Salt = = = K,O => 57°84 K,O = 32°35 K,O — 49°5 K,O Sa 51.8 K,O = 43'26 
i N i= 875 N = 7:24 (N = 7°78 N = 8°30 N = 832 
Vish Meal ~ ‘ a { AUP == (feel) 13,0, — 6°76 UB.O; = 6°87 P,O; = 6°26 12.0, TS 742 








The mangold seed. was sown early in May, and the turnip and swede seed somewhat later. 


On October 20th Sir Wm. Ramsay suggested that an analysis should be made of samples of the roots from certain of 
the plots, and the experimenters were asked to determine the sugar, nitrogen and water in samples of roots grown on 
Plots 54, 64, 7A and 194. The crop, however, proved to have been lifted at that date at some of the centres, so that 
these analyses were only made on the crops grown at Cambridge and Wye. At Cambridge a mistake was made in 
not taking samples from the roots of Plot 194, so that analytical figures for that plot from this centre are not available. 


The scheme of the experiment was as follows :— 


Plots 1A and 1B. 2072 lbs. Sludge No. 7. 
Me ery 2. 2072 ,, bet iia O8 Ge 
nee sb. 2072 | ,, is Ate 
heme” OVARY O072 ter eNO Ae 
Pt BA SEER 9079)" homition ss 
a DG) ureR. 9079 |, eM INS ' ings 
ee OT Ev2072 ,, » No. 1 (contains 40 lbs, N. and 36 lbs. P.O,). 
aaa G1 8B) “1036 miiediNacett 


” 
» 9A , . 9B. No manure. 
» 10A ,, 10B. 3108 lbs. tuned. li 
a bkDAbws, oll Byo 2072: 15, » No. 1, plus 20 lbs, N. in Sulphate of Ammonia. 
gorb2Ade ~rnl2B. «2072 ' »,, » No. 1,’plus 18 lbs. Sol. Phos, Acid in superphosphate. 
inslolt Dna LBB. 0 2Q721i\, » No. 1, plus 20 Ibs. N. in Sul. Am. and 18 Ibs. Phos. Acid in superphosphate. 
» 14A ,, 14B. Nosludge. Super supplying 18 Ibs. Phos. Acid. 
” 156A ” 15B. ” ” ” ” 36 Ibs. ” ” 
ih Lee crhdabElictt scp a Sul, Am. ,, 20 Ibs. N. 
a dee ball Gls igi ¥ saan (5 jy 49 lbs. N 


44 PASI, OTSBy “4, j eH ta) yy 20 Ibs. N. plus 36 Ibs. Phos. Acid in superphosphate. 
UL reel 8h BS yom as 58 40 lbs. N. plus 36 lbs. _,, % y 
20A.,, 20B. .,, iw sited eh 5, 40 lbs. N. plus 18 lbs. ,, a it 


AN TOE i ie 20 Ibs. N.. plus 18 Ibs. ,, a o 
ORL A a Fish Meal supplying 40 Ibs, N. (Phos. Acid indefinite), 
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In order to counteract any slight effect from the small amount ot potash present in the sludges, the whole eX. 
perimental area received an equal dressing of a potash salt, supplying 30 lbs, potash per acre. In discussing results 
therefore, this substance will be neglected. It is well that this precaution was taken, as is evident from the result obtained 
on an extra plot at Rothamsted which received at the rate of 4,144 Ib. per acre of No. 1 Sludge, but no potash. The 
erop on this plot, in duplicate, averaged less than 16 tons per acre, as compared. with over 20 tons on the plot 
receiving potash alone. Plots 94 and 98 were left unmanured, except for the potash. A typical sludge (No. 1), prepared 
by the “ A.B.C.” process, was selected as the basis of comparison, and, its analytical composition being known, 2,072 
Ibs. were applied per acre to Plots 74 and 78, supplying 40 Ibs. nitrogen, and 36 Ibs. phosphoric acid. : The same 
aggregate weight of the other sludges was used on Plots 1a to 6a, with their duplicates 1B to 6p, but as their chemical 
composition necessarily differed from that of Sludge No. 1, the nitrogen and phosphoric acid did not actually agree 
with the figures just given (see Table 1), . 

Plots 84 and 104, with their duplicates, received respectively 50 per cent. less and 50 per cent. more sludge 
(No. 1) than was used on Plot 7a and its duplicate. ; 


Plots 114 and 118 received the same amount and kind of sludge as 74 and 7B, but with the addition of 20 lbs. 
nitrogen as sulphate of ammonia, - 


Plots 124 and 128 were treated like 74 and 78, but with the addition of 18 lbs. of soluble phosphoric acid in super- 
phosphate. 


Plots 134 and 138 received the sludge of 74 and 7B, but with the addition of both 20 Ibs. of nitrogen in 
sulphate of ammonia, and of 18 lbs. of phosphoric acid in superphosphate. 


The other plots of the series received no sludge, but only standard artificial manures in varying quantity, the 
object being to ascertain how the latter would influence the crop as compared with the sludges. 


The season was somewhat abnormal in character and, on the whole, not very favourable to the action of manures. 
From the Midlands northwards, the early part of the summer was characterised by great deficiency of rain arid a high 
temperature, with the result that seed germinated badly and young plaits experienced a check in growth. At Leeds 
the root-crop on the experimental area was a complete failure, so that no figures are available from that centre. At 
the other centres the yields are fair, being above the average at Cambridge, and below the average at Glasgow. 


Before examining the results due to the sludges, it may be well to look at those obtained with standard artificial 
manures, superphosphate, sulphate of ammonia and fish meal. In this way we determined the sensitiveness of the 
soil to manurial treatment, and obtained a reliable hasis for comparing the action of sludges with artificial manures. 


Effect of Nitrogen derived from Sulphate of Ammonia, 


Plots 9, 16 and 17 show the effect of sulphate of ammonia used alone in quantities sufficient to supply 20 and 
40 lbs. of nitrogen respectively per acre. Used on turnips and swedes in Scotland and Kent, this treatment has produced 
no positive result, in fact the yield is invariably reduced both when the smaller and larger dressing of nitrogen is 
employed. This confirms the belief that is generally held that 1itrogen alone, unsupported by phosphates, has little 
effect on turnips and swedes. 


On mangolds, as will be seen from the Rothamsted and Cambridge figures, a large increase has been’ produced 
by both dressings of nitrogen. At Rothamsted the yield is raised 6 tons and 5 tons per acre by the smaller dressing 
(compare Plots 9 and 16 with duplicates), while a further increase of some 2 tons is secured by doubling the nitrogen, © 
At Cambridge the results are not so consistent, but on the whole nitrogen has improved the crop. 


It is important in this connection to compare Plots 21 and 20 with Plots 7 and 11. Numbers 7 and 21 received 
their N and P,O, from: (a) Sludge No. 1, and (b) superphosphate and sulphate of ammonia, respectively. To each 
was added 20 Ibs. of N derived from sulphate of ammonia (Plots 11 and 20 respectively), with the result that only at 
Glasgow had the ammonia any effect when added to superphosphate and sulphate of ammonia, whereas when added 
to sludge it produced marked and, consistent effects at Glasgow, Rothamsted and Cambridge, and on the “ B” plots 
at Wye. The conclusion to be drawn is that the N in the sludge was so inactive that further additions as sulphate 
of ammonia had the opportunity to exert their influence. 


Next we may look at the effects of using 20 and 40 lbs. of nitrogen derived from sulphate of ammonia on land 
already dressed with 18 Ibs. of soluble phosphoric acid derived from superphosphate. ‘The figures that deal with 
this point are yielded by Plots 14, 21, 20, in the order given. In every case, with mangolds, turnips and swedes, the 
use of 20 lbs. of nitrogen in the presence of phosphate has produced a marked increase in yield, averaging 33 tons at 
Glasgow (turnips), nearly 2 tons at Wye (swedes), 2 tons at Cambridge (mangolds), and practically 13 tons at 
Rothamsted (mangolds). The effect of doubling the nitrogen in the form of sulphate of ammonia in the presence of 
superphosphate has been rather remarkable (compare Plots 21 and 20), for, with only the single exception of Glasgow, 
the crop has been larger with the small, than with the big dose of nitrogen. 


Further, by comparing Plots 15, 18, 19, in the order named, we see what 20 and 40 lbs. of nitrogen respectively 
can do, in the presence of 36 lbs. of P.O, derived from superphosphate, Except at Cambridge the smaller quantity 
of N has always produced an increase, which averaged 1} tons at Glasgow (turnips), 1 ton at Wye (swedes), and 4 tons 
at Rothamsted (mangolds). At Cambridge the yield was reduced on an average by fully a ton per acre. The further 
use of 20 lbs. N (compare Plots 18 and 19) has produced increases at three of the centres, averaging about 1} tons at 
Glasgow (turnips), nearly 1 ton at Rothamsted (mangolds), and fully 14 tons at Cambridge (mangolds). At Wye 


(swedes), on the other hand, the average crop was not improved by doubling the nitrogen in the presence of 36 Ibs. 
of P,O;. 


Expect of Phosphoric Acid derived from Superphosphate. 


Next, we may look at the analogous effects of soluble phosphoric acid derived from superphosphate, and first we 
will take the respective effects of 18 and 36 lbs. per acre used alone, that is to say in the absence of any concurrent 
manuring. The plots that deal with this point are 9, 14, and 15, in the order named. At Glasgow, Wye and Rotham- 
sted the crop is invariably lower ‘when 18 Ibs. of P,O,; were used than on the unmanured plot, and the same is true 
of the “ B” plots at Cambridge. But except at Wye an invariable increase is secured by doubling the P,O,, and 
at each of these centres the yield is larger when 36 Ibs. of P.O; are employed than where the plot is altogether untreated. 


We have also the opportunity on Plots 16, 21 and 18 of comparing the effects of adding 18 and 36 lbs. of ft) 
to 20 lbs. of N derived from sulphate of ammonia. At Glasgow(turnips) increasing doses of P.O; have produced 
increasing yields of roots, the rise on the average of the two sets of plots being from 13} tons (Plot 16) to 163 
tons (Plot 21) to 17} tons (Plot 18). At all the other stations the smaller dose of phosphate has produced an 
increase that is never less than a ton, and at Rothamsted was 5} tons. But at these stations the larger dressing 
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of superphosphate has produced a markedly lower yield than the smaller dressing, and this result is uniformly con- 
firmed by the duplicate plots. The important point, however, is that at each of the four stations, and without ex- _ 
ception on the duplicate plots as well, the smaller dressing of superphosphate (18 lbs. P,O,) has in the presence of 
20 lbs. of N uniformly produced an increase, which on the average of the eight plots, has amounted to over three tons 
per acre. 


If we compare Plots 7 and 12 with Plots 21 and 18, we shall see the effect 18 Ibs. of soluble P,O,; when added 
to: (a) Sludge No. 1., and (6b) superphosphate and sulphate of ammonia, respectively. We find that the 18 lbs. 
of P.O, has produced increases when added to sludge five times in eight, whereas when added to superphosphate and 
sulphate of ammonia it has produced increases only two times in eight, and both of these increases occurred at Glasgow. 
From this we should conclude that the phosphate in the sludge is less active than the phosphate in the superphos- 
phate, because the addition of a further supply of P,O, produces more effect in the former case than in the latter. 


So far the evidence goes to show that the nitrogen in Sludge No. 1 is not so active as the nitrogen of sulphate of 
ammonia, neither is the P,O, of Sludge No. 1 so active as the P,O, of superphosphate. A further opportunity occurs 
to test the conjoint action of 20 lbs. N and 18 lbs. P,O, derived from sulphate of ammonia and superphosphate, when 
cused in the presence of: (a) Sludge No. 1, and (b) sulphate of ammonia and superphosphate. To do so we compare 
Plots 7 with 13 and 21 with 19. The evidence is not very strong, but such as it is, it goes to confirm what we have 
already found. When the N and P.O, are added to sludge, an increase (aggregating 18 tons) was obtained six times in 
eight, while on the seventh occasion there was neither an increase nor a decrease. When these substances were 
added to sulphate of ammonia and superphosphate, an increase (aggregating 5 tons) was got only four times in eight. 


Comparative effects of Nitrogen and Phosphoric Acid derived from Sludge and from Sulphate of Ammonia and 
Superphosphate. 


We may now proceed directly to compare the effects of equal quantities of N (20 lbs.) and P,O, (18 lbs.), derived 
from No. 1 Sludge (Plot 8) and from sulphate of ammonia and superphosphate (Plot 21). Without any exception in 
the eight tests—that is to say, on the four duplicate plots at each station—the sludge has proved distinetly, and 
generally markedly, inferior to the other dressing. In point of fact the crop grown with the sludge was, on the 
average of all thestations, actually 9cwt. per acre less on Plot 8 (1,036 lbs. No. 1 Sludge) than on Plot 9 (unmanured), 
whereas on Plot 21 (receiving the same amount of P,O,; and N, but derived from superphosphate and sulphate of 
ammonia), the average increase of crop was more than 44 tons per acre. 


Again, we may examine the same point on Plots 7 and 19, where equal quantities of N (40 lbs) and P.O, (36 Ibs.) 
were used, derived respectively from No. 1 Sludge and sulphate of ammonia plus superphosphate. Here we find that, 
except at Wye, the sludge-grown crop is markedly inferior to that grown with sulphate of ammonia and superphosphate. 


Comparative efects of Sludge and Fish Meal. 


We may also compare the results with an equal quantity of N and a practically equal quantity of P,O, derived 
from fish meal (Plot 22), and here the evidence is overwhelmingly in favour of the fish meal as compared with the sludge. 


These comparisons were all made with Sludge No. 1, which was regarded as a typical material and already on the 
market as an article of commerce. Before turning to look at the action of the other sludges, we may exhaust the com- 
parative tests that were made with Sludge No. 1. Examination of Plots 8, 7, 10, in the order named, will show that 
this sludge was used in three quantities supplying: (a) 20 lbs. N and 18 lbs. P,O,, (6) 40 lbs. N and 36 lbs. P,O,, 
and (c) 60 lbs. N and 54 lbs. P.O, respectively per acre. At Glasgow, Wye and Cambridge there is no distinct evi- 
dence that the sludge has produced any effect, that is to say, the crop on the unmanured land is practically as good 
as that on the plots getting varying amounts of a sludge, but at Rothamsted it appears to have been more effective, 
though even there very much less so than a mixture of superphosphate and sulphate of ammonia, such, for instance, 
as was applied to Plot 19. 


The relative effects of the various Sludges. 


When we compare the action of the seven sludges used at the rate of 2,072 Ibs. per acre, we can trace no consistent 
superiority or inferiority in any of them. All the variations that are met with are well within the limits of experi- 
mental error. . Taking the average of all the centres, and the average of the seven plots that got 2,072 lbs. of sludge, 
we find that the yield works out at 19 tons 7 cwt. per acre, which is practically 4 ton less than the average yield on 
the unmanured Plot (No. 9). Or, looked at from another point of view, it will be seen that the highest average yield 
of any of the sludges is that of No. 2 on Plot 6, where it amounts to 20 tons 52 cwts., a figure that is lower than the 
average vield on any of the plots receiving artificial manure. 


Quality of the crop. 


. The percentage composition of the roots, as determined on carefully selected samples, is set forth in Table I. In 
the case of the three sludges tried on the plots whose produce was sampled, the analytical figures supplied by the two 
centres are very consistent. The nitrogen is uniformly lowest on Plot 5 (No. 3 Sludge) and highest on Plot 7 (No. 1 
Sludge). The sludge of the latter plot supplied most nitrogen, and this apparently is reflected in the composition 
of the crop. 


As regards the sugar, this is uniformly highest in the roots grown on Plot 6 (No. 2 Sludge), and lowest in those 
yielded by Plot 7(No. 1Sludge). At both stations. therefore, the nitroge and sugar are in inverse ratio, a result that 
is consistent with expectation. As sugar is generally regarded as the best index of quality in mangolds and swedes, 
the results would indicate that, of the three Sludges, No. 2 (which is lowest both in nitrogen and phosphoric acid, but 
highest in lime) most favourably influenced the crop. 


The crop on Plot 19 was inadvertently not sampled at Cambridge, but at Wye it will be seen that, using equal 
quantities of N and P,O, derived respectively from No. 1 sludge (Plot 7) and from sulphate of ammonia and superphos- 
phate (Plot 19), thedry matter and sugar of the roots are lower under the influence of the sludge than is the case 
with the sulphate of ammonia and superphosphate, whereas the reverse is the case with the dry matter. 


General Conclusion. 


So far as these experiments go, they show that in the season of 1905 none of the sludges experimented with 
produced any consistent manurial effect on the growth of turnips, swedes or mangolds. Although the season was 
not a good one for the growth of the root crop, it permitted artificial manures to exert considerable influence 
on the yield of this crop. We would therefore appear to be justified in drawing the conclusion that the nitrogen 
and phosphoric acid of sludge are in a much less available form than the same substances in sulphate of ammonia, 


superphosphate and fish meal. 
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Taste L. 


Percentage Composition of the Roots grown on selected Plots at Cambridge (Mangolds) and Wye (Swedes). 

















Dry Matter. Sugar. N in dry matter. 

Plot. Manure per Acre. 7 ae ee chine cere 
Camb. Wye. | Camb. | Wye. | Camb. Wye. 
5 A | 26 lbs. N and 20 lbs. P,O, in Sludge No. 3 14:1 11°80 9°2 4°27 "150 1°70 
pla ice and Tam g'' ” ,, k. Celie 150 11°43 9°3 5°85 159 1°88 
eA Me and S6 ‘4 Peel | 147) 11°21 9°1 3°82 162 1°94 
1A HpAOe 25 8nd 36 ¢4¢ «372 Gn Sul, Am. and 11°23 4°79 1°65 

; Super. 








February, 1906. WM. SOMERVILLE. 





APPENDIX TO Dr. SOMERVILLE’S REPORT UPON EXPERIMENTS WITH SEWAGE SLUDGES. 





DETAILS RELATING TO THE SEWAGE SLUDGES USED BY THE BOARD oF AGRICULTURE FOR MANURE EXPERIMENT. 
: In 1905-6. . 





Sludge No. 1. 


Composite Precipitation Sewage Sludge.—This sludge consists of the 
as the result of adding alumino-ferric, blood, charcoal and clay (together about 50 grains per gallon) to a domestic sewage 
containing a small proportion of waste liquors from breweries and a gas works. 


J 


_precipitate deposited in continuous flow tanks, 


Having been pressed into cake and then artificially dried at a temperature of about 75° Centigrade, it was stored 
under cover for some time previous to the taking of the sample. 


Sludge No. 2. 


Composite Precipitation Sewage Sludge.—This sludge consists of the precipitate deposited in continuous flow tanks, 
as the result of adding lime (9 grains per gallon) and alumino-ferric (5 grains per gallon) to a domestic sewage. It was 
made and pressed during the week ending 4th March, 1905, being subsequently dried by placing portions of it in thin 
layers near a boiler. A further quantity of lime, equivalent to about 120 Tbs. per ton of pressed cake, was added 
previous to the pressing. 


Sludge No. 3. 


Alumino-ferric Precipitation Sewage Sludge.—This sludge consists of the precipitate deposited in quiescent settling 
tanks, as the result of the addition of alumino-ferric (9 grains per gallon) to a domestic sewage. It was produced during 
a dry week ending March, 1905. Having been pressed and partially dried under cover, it was then further dried by 
placing it in small quantities on either side of a boiler. 


Previous to the pressing, a quantity of lime equivalent to 1 cwt. per ton of pressed cake was added to the sludge. 


Sludge No. 4. 


Composite Precipitation Sewage Sludge.—This sludge consists of the precipitate deposited in a continuous flow tank, 
as the result of adding calcium phosphate (4 to 5 grains per gallon) in acid solution and subsequently lime (about 1 


grain per gallon) to a rather dilute sewage containing a considerable proportion of waste liquors frcm various 
manufactories. 


It was produced during March, 1905. The wet sludge was first lagooned till spadeable, and subsequently dried 
artificially by placing it near a boiler for five or six days. 


Sludge No. 5. 


Septic Tank Sludge.—This sludge consists of the deposit from an open septic tank which had been receiving domestic 
sewage, mixed with a considerable proportion of waste liquors frcm various manufactories, fcr a pericd of thiee years. 
The flow of sewage to the tank during this time was sufficient to fill it once every 24 hours. The tank was cleaned 


in March, 1905, the sample of sludge used for the experiment being first legooned till spadeable and then artificially 
dried by placing it near a boiler. 


Sludge No. 6. 


Settled Sewage Sludge.—This sludge consists of the deposit settling in the second tank of the general process for 
the treatment of the domestic sewage and the manufacturing waste from a large city. The sewage was first passed 


through a detritus tank, then through the tank in question, and subsequently, after having received the precipitant, 
through several other tanks. 


The sample of sludge used for the experiment was first lagooned till spadeable, and finally dried by placing it near 
a boiler. It was produced in March, 1905. 


Sludge No. 7. 


Composite Precipitation Sewage Sludge.—This sludge consists of the precipitate deposited in continuous flow tanks, 
as the result of adding per-sulphate of iron (8 grains per gallon) and lime (4 to 5 grains per gallon) to the domestic sewage 
and manufacturing waste from a large city. It was produced during the week ending 8th April, 1905. The tank sludge 


is first pressed, then artificially dried at a temperature of 65° to 70° Centigrade in a special machine, and finally passed 
through a pan-mill. 


COLIN C. FRYE. 
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CHEMICAL ANALYSIS OF THE SLuDGES UsEpD IN THE PLoT EXPERIMENTS. 


No. 1. 


Native 
Guano 
from 
Kingston. 


Average of 
85 samples. 


No. 2. 
Dorking 


Sludge from | 


Lime and 
Alumino- 
ferric 


precipitation. 
Average of | 


20 samples. 





| 26 samples. 





Q 


No. 3. 

Chorley 

Sludge | 
from 

Alumino- 
ferric 

Ipr ecipitation. 


Average of 


“ 


No. 4 


Leeds 
Sludge 
pr epared by. 
Mr. Alton’ s | 
process. 


Average of | 


20 samples. 





Drawn - - 
Analysis begun 


Results given wn | 


parts per cent., 


by weight. 


Moisture (sludge dried | 


at about 110° C.) - 
Matter 


Grit, ete. (¢.e., matter 


insoluble in hydro- 
chloric acid, after 
ignition) - - 


1Oxide of iron and 
alumina - - | 
"Lime - - - 
*Magnesia- - - 
Potash, soluble in 
‘hydrochloric acid - 
Potash, soluble in 
water - - - 
‘Phosphoric acid 
(P,O;)- - - | 


basic bhpsehate 


Pas ee to Tri- 
| of lime - 


*Nitrogen (total) = - | 


Nitrogen evolved on 
boiling the sludge 
for 2 hours with 
dilute (0°5%) pot- 
ash solution - - 


volatile on | 
heating - - Z| 


Matter non-volatile - | 


Mar. 23, 1905 


Mar. 27, 1905 


Apr. 5, 1905 
Apr. 6, 1905 








Apr. 
Apr. 


12, 1905 
19, 1905. 


Apr. 19, 1905 Apr. 11, 1905 
May 2, 1905 Apr. 17, 1905 


WO. G0. 


| 

Leeds 
Septic 
Tank | 
Sludge. 


Average of 
20 samples. 


No. 6. 


Leeds 
Settled 
Sewage 
Sludge. 


Average of | 


20 samples. 


| No. he 


Globe 
Fertilizer 
from 
Glasgow. 


Average of 
20 samples. 


| 





Apr. 11, 1905 
Apr. 18, 1905! 


Apr. 6, 1905 
Apr. 10, 1905 

















25°67 37°67 
37°99 24°81 
36°14 3712 
100°0 100°0 
22°33 684 
10°10 3°46 
3°30 23°16 
O16 0°07 
(approx.) 
0°06 = 
174 0°66 
3°80 1°44 
1°93 0°89 
0°41 | 0°03 
(May 20th) | 














NOTES : 


*_The lime was only precipitated once ; 








| 


| possible in | 
sampling). | 











| 


it will contain traces of magnesia. 


’_A sample of Native Guano, examined in October, 1904, gave 0.42% magnesia. 


4 and °—The figures for phosphoric acid and for total nitrogen are in each case the mean of two closely 
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agreeing estimations. 


1_These oxides will contain the phosphoric acid and possibly a very little of the lime. 


12°50 22°06 39°49 Lee 
Ber6 4 uy «4727 25°02 | 3920 | 33°98 
50°74. 30°67 39°49 ' | 43°25 43°51 
100°0 100°0 100°0 100°0 100°0 
25°30 930 11°09 16°51 10°75 
| 
9°37 14°61 10°94 9122, ahelly, ds Veg 
10°32 14°71 9°28 11°93 | 12°09 
ms 2 We 3 | us 
4 2 2 | % | S 
0°98 2°12 O66" 0°84 L'1l 
Ot 6s 144 Pes oy brag 
res 5 | 1°04 1°38 144 | 1°50 
| 
| 
Olay Vienne 08 page ie? Oat asl. 0-08 
| (May 21st) | (May 24th. | (May 28rd. | (May 24th. | (May 22nd. 
Copious Slight grey Slight’ Grey mould 
mould on the mould on thal mould on _ on surface. 
‘sludge now ;| surface at surface, | Avoided in 
| this was Fi this date). whichwas | sampling). 
_ avoided as | removed). 
much as | 





GEORGE McGOWAN. 
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THE BACTERIOLOGICAL EXAMINATION OF THE SLUDGES. 
No. 1.—Kingston Native Guano.—As sent to Agricultural Colleges. Average of 85 samples. March 23rd, 1905. 
B. coli test.—Negative result with 1 gramme. 


Neutral red broth test.—As regards fluorescence, plus 1/1,000 minus 1/10,000 of a gramme. Growth in 
tube inoculated with 1/10,000 millionth of a gramme, indicating the survival of an enormous number 
of bacteria. °* 


B. Enteritidis sporogenes test.—Plus 1/1,000 minus 1/10,000 of a gramme. 


No. 2.—Dorking Sludge.—Dried sludge from lime precipitation after pressing and drying near boiler. Average of 
20 samples. No. 2., April 5th, 1905. 
B. coli test.—Negative result with 1 gramme. 


Neutral red broth test.—As regards fluorescence plus 1/10 minus 1/100 of a gramme. Growth in 1 /10,000 
of a gramme minus 1/100,000 of a gramme. ; 


B. Enteritidis sporogenes test.—Negative result with 1 gramme. 
No. 7.—Glasgow Sludge.—Globe fertilizer. Average of 20 samples. 
B. coli test.—Negative result with 1 gramme. 


Neutral red broth test.—As regards fluorescence plus 1 /1,000 minus 1/10,000 of a gramme. Growth in 
1/100,000 minus 1/1,000,000 of a gramme. 


B. Enteritidis sporogenes test.—Plus 1/100 minus 1/1,000 of a gramme. 


No. 5.—Leeds Septic Sludge.—Average of 20 samples from No. 4 open septic tank. March cleaning. April 11th, 
1905. 


B. coli test.—Plus 1/100,000 minus 1/1,000,000 of a gramme. The biological characters of the coli-like 
microbes characteristic of 1/10,000 and 1/100,000 of a gramme may be given as follows :— 








Tests. 1/10,000th gramme. 1/100,000th gramme. 
xelatine shake culture - - \ - - -|. + 
Cane sugar peptone - - - - - - Negative, Bleached and gas. \ 
Neutral red broth - - - - - - . - + a 
Lactose peptone = - - - . - - - Acid and gas. Acid no gas. 
Indol in broth culture - : : - - : + + 
Litinus milk - - ae Yah . - - - Acid and clot. Acid and clot (slow liquefier). 

















Neutral red broth test.—As regards fluorescence, plus 1/10,000 minus 1/100,000 of a gramme. Growth in 
1/10,000,000 minus 1 /100,000,000 of a gramme. 


B. Enteritidis sporogenes test.—Plus 1/100,000 of a gramme. 


No. 6.—Leeds Settled Sewage Sludge.—Average of 20 samples from Tank No. 2. April 11th, 1905. 


B. coli test.—Plus 1/1,000,000 minus 1/10,000,000 of a gramme. The biological characters of the coli-like 
microbe characteristic of 1/100,000 and 1/1,000,000 of a gramme may be given as follows :— 

















Tests. 1/100,000th gramme. 1/1,000,000th gramme. 
Gelatine shake culture - | -.  - |. 2° @ % ad 
Cane sugar peptone- — - 5 : = - - Acid slight gas. Bleached no gas. 
Neutral red broth - 9, - = Sears 2% ig 
Lactose peptone - - - : : - . Acid and gas. Acid and gas. 
Indol an sbroth ouliures soto et Teas el ek 
Litmus milk - — - % > * + ae: : Acid and clot. Acid and clot. 





Neutral red broth test.—As regards fluorescence, plus 1/10,000,000 minus 1/100,000,000 of a gramme. No 
growth in 1/100,000,000 of a gramme. 


B. enteritidis sporogenes test.—Plus 1 /10,000 minus 1/100,000 of a gramme. . 
No. 3.—Chorley Precipitated Sludge.—Average of 26 samples, pressed and boiler dried. 


B. coli test.—Plus 1/100,000 minus 1/1,000,000 of a gramme. The biological characters of the coli-like 
microbes characteristic of 1/10,000 and 1/100,000 of a gramme may be given as follows :— 














Tests. 1/10,000th gramme. 1/100,000th gramme. 
Gelatine shake culture - 9-22 2 8. Ss a ee 
Cane sugar peptone : es : 4 - Negative. Bleached and gas. 
Neutral red broth - 4 See RNS mi ed 
Lactose peptone —- ° = - - Acid no gas. Acid slight gas. 
Tndol in, broth :caltures acy 0-o) so 2) ky al Negative. Negative. 


Litmus milk - “ 2 Z 





- - - - Acid no clot. Acid no clot (slow liquifier). 
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Neutral red broth test.—As regards fluorescence, plus 1/100,000 minus 1/1,000,000 of a gramme. 
in 1/1,000,000 minus 1/10,000,000 of a gramme. 


B. .enteritidis sporogenes test.—Plus 1/10,000 minus 1/100,000 of a gramme. 


Growth 


No. 4.—Leeds Alton’s Sludge.—Average of 20 samples. Lagooned and boiler dried. April 19th, 1905. 


B. coli test.—Plus 1/1,000 minus 1/10,000 of a gramme. The biological characters of the coli-like microbes 
characteristic of 1/100 of a gramme may be given as follows :— 














Tests. 1/100th gramme. 1/1,000th gramme. 
Gelatine shake culture - - - . - : a 
. ere: A ‘ 7 wick ait No coli-like microbes could 
Cane sugar peptone Negative. Be eee 
Neutral red broth - - = . : - 2 at 
Lactose peptone - - - - - : - Acid and gas. 
Indol in broth cultures - “ “ : 2 * aD 


Litmus milk - - re = : - - Acid and clot. 











Neutral red broth test.—As regards fluorescence, plus 1/10,000 minus 1/100,000 of a gramme. Growth in 


1/1,000,000 minus 1/10,000,000 of a gramme. 
B. enteritidis sporogenes test—Plus 1/100,000 minus 1/1,000,000 of a gramme. 


Experiments as Regards the Presence of Nitrifying Bacteria. 


The results were, in certain directions, somewhat anomalous. But briefly, it may be said that sterile ammoniacal 
solutions, specially well adapted for the growth of nitroso-bacteria (Nitrite producing microbes) were inoculated with 
the sludges in amounts varying from 1/10 gramme to 1/10,000 millionth of a gramme. 


Yet in no case was there any nitrite production within a period of five weeks. In some cases, when the cultures 
were kept for still longer periods, there was some indication of nitrite formation. But, on the whole the results were 
practically negative. 


Summary of Results. 
The chief results may be tabulated as follows :— “§i 


Tabular Statement of Results. 





Fluorescence in neutral red | 
broth test, 48 hours at 
37°C. 


Gol i1 


° 2. . 
B. Enteritidis sporogenes 
test. 


4, 


Growth in neutral red 
broth, 48 hours at 37°C. 


2. 


| B. coli test. 
| 
| 


3. 





'+1/10,000th of a gramme. 


1. +1/1,000th of a gramme. —1 gramme. +1/1,000th of a gramme. 


2.+1/10th of a gramme. 


'+1/10,000th of a gramme. 


3. +1/100,000th of a gramme. + 1/1,000.000th of a gramme. 


4, +1/10,000th of a gramme. 


5. +1/10,000th of a gramme. 


6.+1/10,000,000th of 
gramme. 


7.4+1/1,000th of a gramme. 


+1/1,000,000th of a gramme. 
| 


'+1/10,000,000th of a gramme 


A } '+1/10,000,000th of a gramme 


+1/100,000th of a gramme. 








—1 gramme. 
+1/100,000th of a gramme. 


Presumptive + 1/1,000th 
of a gramme. 


Confirmatory + 1/100th of 
a gramme. 


+1/100,000th of a gramme. 
+1/1,000,000th of a gramme. 


—1 gramme. 





—1 gramme. 
+1/10,000th of a gramme. 
+1/100,000th of a gramme. 


+1/100,000th of a gramme. 
+1/10,000th of a gramme. 


+1/100th of algramme. 





Remarks. 


Tt will be noted that all the sludges were rich in microbial life (see Column 2). But in sludges 1, 2 and 7, no B, 


coli were present (Column 3). 


Sludges 5, 6, 3 contained numerous B. coli (or coli-lke microbes). 


contained, B. coli (or coli-like microbes) in 1/100 of a gramme. 


Sludge 4 also 


With the exception of Sample 2, all the sludges yielded a positive result with the B. enteritidis sporogenes test. 
In some cases a positive result was obtained with fractional amounts of the material. 


Taking into account the results shown in Column 1, as well as the results in Columns 2, 3 and 4, the opinion was 


formed that in the first three sludges the bacilli were killed but not their spores. 


(of some kinds) and spores were viable. 


In the 


remaining sludges both bacilli 


Reverting to the experiments as regards nitrifying bacteria, it may be doubted whether any of the sludges could 


be regarded as effective bacteriologically, in view of the absence seemingly of nitrite-producing microbes Unless the 
presence of multiple spores of bacteria can be thought of as paving the way towards decomposition of the sludge, and 
the setting free of substances suitable for plant life, I am of opinion that the physical characters and chemical com- 
position of the sludges will be found to be the determining factors in their agricultural value. 


A. C. HOUSTON. 
January 31st, 1906. 
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IlL—REPORT ON EXPERIMENTS WITH SEWAGE SLUDGE, UPON. HAY IN 1907. 


Object.—The experiments were carried out with the object of (L) comparing among themselves, as regards 
manurial value, seven different varieties of sewage sludge, and (2) comparing the action of the several sludges 
with that of certain artificial manures. By these experiments, it was hoped to obtain some information respecting 


the value of sewage sludges from the manurial standpoint. 


Comnosition of the Sludges.—The sewage sludges employed in the experiments varied considerably in 
composition, as will be seen from Table I. 


Amounts of Sludge applied.—The standard application was No. 1 sludge, of which sufficient was employed to 
give the soil 40 lb, of nitrogen per acre. Equal weights of the other sludges were given on other plots, and hence 
the amount of nitrogen supplied in each case was as stated in Table IT. 


Artificial Manures used.—The artificial manures employed consisted of Basic Slag and Sulphate of Ammonia. 
The former was applied on certain plots in quantities which contained either one half as much or the same 
quantity of phosphoric acid as the standard application of Sludge No. 1, while sulphate of ammonia was similarly 
applied in quantities containing 20 lb. and 40 lb. of Nitrogen. The amounts both of sludge and artificial manures 
which were applied to the various plots are given below. (See Table IV.) 


General Scheme of Experviments.—The plots were each 35th of an acre, and were so delineated that the experi- 
ments can, if necessary, be continued for 1908. The sludge and slag were to be applied in the first half of November, 
1906, except in the case of Plot 9, where the sludge was to be applied in the latter half of March, at the same time 
as the sulphate of ammonia, which was in all cases to be applied in the latter half of March. These methods, 
with but slight variation, were carried out at all the centres. 


Manuring of the Plots (Quantities per Acre).—The actual amounts of the sludges and artificials applied to the 
various plots will be found in Table IV. It may, however, be pointed out here that the first seven plots received 
equal weights respectively of the seven sludges ; plots 8, 9 and 11 received different weights of sludge No. 1; plots 
10 and 23 were unmanured ; plots 12, 13 and 14 received No. 1 sludge with various artificials ; plots 15 to 22 no 
sludge, but combinations of artificials ; while plots 24 and 25 received only lime. 


Tt will be remarked below that at most centres 25 plots were finally included in the experiments, while at 
Cambridge there were 34 plots. 


Centres at which experiments were carried out.—The following is a complete list of the centres at which the 
experiments were conducted, with the exception of the Woburn Experimental Farm, in which case the field experi- 
iments were on a smaller scale and the figures cannot be included in the Table showing the average results. These 
are presented in a separate report by Dr. Voelcker. The Pot experiments at Woburn are also separately reported. 








Centre. - | Experiments conducted at 


| 





1. The North of Scotland College of Agriculture, Marischal College, Aber-  Blaehillie, Udnv, Aberdeenshire. 
deen : ; 

2. West of Scotland College of Agriculture, Blythswood Square, Glasgow  Woodilee Farm, Lenzie. 

3. The Armstrong College, Newcastle-on-Tyne - - - - - Offerton Hall. 

4, The University, Leeds - - : - - - - - - Manor Farm, Garforth. 

5. The University College of North Wales, Bangor - - . “ - College Farm, Madryn. 

6. The Agricultural Department, Cambridge University - - - - | Impington. 

7. The Rothamsted Experimental Station, Harpenden, Herts - - - | Apple Tree Field, Rothamsted. 

8. The South-Eastern Agricultural College, Wye, Kent - - - - The College Farm. 








At Aberdeen (Blaehillie, Udny) the land employed was a poor wet clay worth only a few shillings per acre rent, 
and tie field had been in grass for six or seven years, but was in extremely poor condition. In view of the favour- 
able season the yield was poor. Jt would seem that the land was uneven in quality, since the two unmanured plots 
(Nos. 10 and 23) yielded respectively 21 ewt. and 12} ewt. of hay. The difference in yield between the plots might 
therefore, so far as the figures go, be accounted for by variations in the soil, but it was remarked by the experimen- 
ter that at the last inspection, July 13th, some time before cutting, the effects of the manuring were clearly seen, 
and the unmanured plots could be easily distinguished. The sludges all produced an extra growth of grass, but 
before cutting no differences were discernible between one sludge and another. Slag increased the quantity of 
clover, but heavy dressings did not appear to produce a greater amount than small dressings. 


At Glasgow (Woodilee Farm, Lenzie) the soil was a heavy clay in moderate condition ; the grass was in its 
first year, and the crop was a good one. ‘The application of the sludges hada marked effect, as also had the sulphate 
of ammonia. Basic slag appears to have had little influence. 


At Newcastle (Offerton Hall) the soil was clay loam, while the grass had been laid down about thirty years. 
There was no duplicate “unmanured” plot. The crop was fair. The hay was weighed on August 2nd, and it was 
found that, while all manures a) had effect, the sludges were, on the whole, as productive as the artificials. It 
will be remarked, however, that although Plot 11 received 50 per cent more sludge than Plot 7, it has yielded less 
hay, so that in the absence of duplicate plots caution is required in drawing conclusions from these results. 


At Leeds (Manor Farm, Garforth) the experiment was made on old meadow herbage on a medium loam. Here 
all sludges and manures were applied in Spring. The hay crop was fair. There was a wide difference in yield 
between the two unmanured plots, while the larger amount of sludge on Plot 11 led to no increase of crop over Plot 
7, but rather a falling off. Sludges cannot be said to show a consistent effect. Artificials, however, produced 
slight increases, chiefly when basic slag and sulphate of ammonia were combined. 
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At Bangor (Madryn) the soil was of a gravelly nature, and the herbage old meadow. The hay crop was good. 
The experimenter reported that, judging from appearances, the sludges had no effect. The figures confirm this. 
Again, however, there is considerable difference between the unmanured plots. Sulphate of ammonia had a marked 
effect on the crop at this centre. 


At Rothamsted (Apple Tree Field) the experiment was conducted on old grass on a heavy clay loam. The 
growth was even and regular on all the plots. The crop was very good. Sludge, basic slag, and lime were applied 
on November 23rd, 1906, and the sulphate of ammonia, and the sludge on Plot 9,on February 15th, 1907. The 
crop was cut on July 19th, 1907. A distinct difference between the yields of the unmanured plots must again be 
remarked, but their average is 39°75 cwt. of hay, compared with an average of 38°33 ewt. for the first seven plots 
receiving sludges. There is thus no indieation of any increase from the use of the sludges. The effect of sulphate 


of ammonia was again good. 


At Wye (College Farm) the soil was a somewhat stiff loam, overlying the lower chalk, and the subsoil contained 
a fair proportion of chalk. The field has been under permanent pasture for some years; it has been regularly 
grazed and has not been recently mown for hay. During the growing season there was little difference in the 
appearance of the plots, but the weighings show considerable irregularity ; and although the crops on all the plots 
were very good, the yields suggest an uneven soil. There was a difference of 41 cwt. per acre between the un- 
manured plots. ‘The small application of sludge to Plot 9 in March was followed by the highest yield, but it is im- 
probable that this result could have been due to the manure alone. Again, when on Plot 11, 50% more sludge No. ° 
1 was used than on Plot 7, there was an increase on the former plot of exactly 10 ewt. per acre, and on Plot 7 and 
on most of the other “sludge” plots there was actually less hay than on the unmanured plots. It is clear, therefore, 
that no reliance can be placed on the figures obtained at this station. 


At Cambridge (Impington) all the plots were duplicated (there were three unmanured plots), and it will be 
‘worth while to deal with this experiment at some length before presenting the full table of results. 


_The soil at Impington, where the experiment was conducted, was a medium but sticky loam in low condition, 
while the grass was a pasture of 15 to 20 years standing. The surface of the field was quite flat and the soil 
‘uniform, but the herbage was somewhat uneven. The crop was poor. 


__ The ordinary variations between the yield from duplicate plots would range from 2 to 3 ewt. per acre, but it 
~will be seen from Table III which gives the Cambridge results that in the case of Nos. 4, 13, 26 and 31 the 
differences between the A and B plots were considerably more. No attention need therefore be given to the figures 


relating to these four plots. 


The manurial requirements of the soil were in this case tested by using farm-yard manure and also common 
artificial manures. These and the umanured plots provide standards with which to compare the action of the 
‘sludges. Plots treated with calcium cyanamide were also introduced. 


On Plot 30a mixed artificial manure produced a very marked increase in the hay crop, and from Plot 33 we 
‘find that this increase was chiefly caused by the nitrate of soda present in, the mixed manure, for where it was 
omitted the yield fell almost to the unmanured level. Next to nitrate of soda the phosphatic manure did most 
‘good, its omission reducing tthe crop by 5 cwt. per acre (compare plots 30 and 32). The plots receiving the manure 
from which potash was omitted were uneven, and no further deduction can be drawn from the result than that 
the yield obtained on Plot 318 makes it probable that potash was not required by this particular soil. 


It will be observed that the yields of Plots 17 and 32 correspond closely, as, theoretically, they should do : 
sulphate of ammonia is practically equal to nitrate of scda as a source of nitrogen on grass land of this type. 
‘Calcium cyanamide on the other hand has been less. useful, and it would appear to be distinctly slower in 


‘its action than sulphate of ammonia. 


The farm-yard manure applied to Plot 26 improved the appearance of the crop, but the figures obtained from 
‘the duplicate plots differ so widely that no notice need be taken of them here. 


When oilcake has been fed to cattle, the percentage of ammonia present in the manure is much increased, and 
tthe effect of this ammoniacal nitrogen on the growing trop was very marked. Plot 27, which received the manures 
made by cake-fed cattle, closely resembled in appearance the plots dressed with sulphate of ammonia or nitrate of 
soda, and the figures show that with two exceptions (when 40 lb. of nitrogen in sulphate of ammonia were 


-applied) the.crop harvested was the best in the field. 


Basic slag, even when applied at the rate of 10 cwt. per acre to Plot 28, produced, as was expected, very little 
effect, and lime, as is usually the case in the first year after application, produced no effect at all. 


No definite effect was produced by any of the sludges, the variations in yield not being greater than might be 
accounted for by the soil and herbage ; nor, in the early season when the quick-acting nitrogenous manures had 
altered the colour of the plots to which they were applied, could any change in colour be seen on the sludge plots. 


Average Results.—The results obtained at each of the eight centres, together with the average results, are given 
in Table LV. _ The average results of the four northern and of the four southern experiments have been added for 
comparison. Bangor has in this case been included among the southern stations. The increase over the average 
yield of the unmanured plots has been stated for each plot. The table also shows the weight of manures applied 


and the approximate cost per acre of the artificial manures. 


In examining the effects produced by the use of sludge as a manure, it may be observed that little, if any, 
definite effect upon the first hay crop was to be expected from the phosphates and lime present in the sludges ; 
these constituents of sludge would seldom affect meadow hay until the second year after application. There was, 
however, one station (Aberdeen) at which the effect of basic slag could be traced on the herbage before the hay was 
cut, but in this case no similar effect was noticed on the sludge plots. This is an indication that the phosphate 
found.in sludge may be less active than that of basic slag, but further evidence is required on this point. 


All the sludges supplied the soil with considerable quantities of nitrogen, and because of this nitrogen they 
might have been expected to produce the effects of a nitrogenous manure upon the hay crops. In the north, where 
the wet summer was very favourable to slow-acting nitrogenous manures, they appear to have been useful; and 
column 16 of Table IV. shows that there was an increase due to sludge of from 5 to 9 cwt. per acre; but in 
the South of England, where the hay crop is cut much earlier, they produced no results whatever: indeed, the 
average yield was usually from 1 to 2 cwt. less than on the untreated plots. This negative result has been brought 
about chiefly by the good crop produced on one of the unmanured plots at Rothamsted and on both plots at Wye. 
af it is assumed that the improved crops at Aberdeen and Glasgow are due to the nitrogencus compounds present 
in sludge, then it would appear that these compounds must differ in character. Sludge No. 1 is much the richest 


14 


in total nitrogen, but better field results have been obtained from the comparatively poor sludges N os. 2 and 4 than 
from No, 1. . It should be noted, however, that these sludges are rich in lime, It is unlikely that this lime would 
directly affect the herbage, but it may have aided in the decomposition of the nitrogenous matter and thus have 
produced the effect of a nitrogenous manure. On this point compare with the results obtained in the Pot 
experiments at Woburn (see p. 20). This indirect effect of lime on pasture grasses is by no means uncommon. 


The figures obtained in this experiment and in the corresponding experiments made last year are not of a 
satisfactory character, and do not permit of any conclusions as to the relative money values of sludge and artificial 
manures. The only definite conclusion which may be stated is that, both for root crops and grass, the action of the 
nitrogenous and phosphatic constituents of sludge is very slow as compared with the effect produced by nitrogen 
and phosphates supplied in ordinary artificial manures. For such crops as mangels, potatoes and swedes, which have 
a short period of growth and require quick-acting manures, sewage sludges would not appear to be well adapted, 
and if they are employed they should be applied in tons rather than in hundredweights per acre. 


On the other hand, although these experiments do not supply the evidence, it seems likely that sludge used in 
proper quantities would form a good dressing for the slow-growing plants of many permanent pastures and 
meadows. Sludge is unlikely to give satisfaction on the very poor clay-soil pastures which are so much benefited by 
basic slag, but for old grass land of moderately good quality it should prove useful. 


TaBLE I.—CHEMICAL ANALYSES OF SLUDGEs. 























No. 3. | No. 6 
Results given in parts per cent. | No.1. | No.2. | No.3 2nd. No. 4. | No. 5.:| No. 6 2nd. No. 7 
Eves give ls I : 5 es Sees +O. Consign- - 4. Beek, mis Consign- Sk: 
ment. ment. 
Sample drawn. Oct. 23, | Oct. 23, | Oct. 25, | Nov. 19,| Nov. 1, | Oct. 29,] Oct. 29,| Nov. 26,| Oct. 26, 
1906. 1906. 1906. 1906. 1906. 1906. 1906. 1906. ,| 1906. 
Analysis begun. . | Oct. 24,| Oct. 24,} Oct 29,| Nov. 29,| Nov. 2, | Oct. 30,} Nov. 5, | Dec. 1, | Oct. 80; 
1906. 1906. 1906. 1906, 1906. 1906. 1906. | 1906. 1906. 
Moisture (Sludge dried at about 
110°C.) = - - - - 10°09 31°24 16°74 14-71 40°61 14°09 3°55 12°09 14°39: 
Matter volatile on ignition - 49°82 24°91 36°71 34°66 16°79 31-91 38°22 37°13 35°67 
Matter non-volatile on ignition - 40°09 43°85 46°55 50°63 42°60 54°00 58°23 50°78 49°94 








100°00 | 100°00 | 100°00 | 100:00 | 100°:00 | 10-000 100°00 | 100°00 | 100°00 








Grit, etc. (i.e. matter insoluble in : 
Hydrochloric acid, ignited) - 23°27 7°06 Wa 23°26 Deo 15.56 28°28 16°72 16°28 











Oxide of iron and alumina* — - 12°04 Sor 8°35 8°60 4°43 1 12°37 15°66 811 
Lime » = = = z 2°34 24°59 12°70 12°87 24°45 11°47 8°40 10°83 13°32 
Phosphoric acid (Bs Lyne = 2°27 0°80 A 0°80 1°42 0°86 1°25: 1°23 1°03 
Equivalent to tribasic phosphate 

of lime - - Fe S : 4°96 leita 2°55 ie 3°10 1°38 2°73 2°69 2°25 
Nitrogen (total) 2 - 2°32 0°94 16 1°25 0°55 1-21; 1°65 1°62 116 


Nitrogen evolved on boiling the 
sludge for two hours with dil- 
ute (0.5%) solution of Potash 0°36 0°05 0°28 0°05 0°03 0°22 O14 O17 0°05 














* Obtained by precipitating the acid solution with ammonia ; this will contain the phosphoric acid and possibly a little lime. 
> Precipitated only once ; will contain, no doubt, traces of magnesia. 
Potash was not estimated. One or two earlier samples of sludge were tested for it, but only traces were found. 


The figures for phosphoric acid and total nitrogen are in each case the mean of two closely agreeing estimations, except- 
ing that a duplicate estimation of nitrogen in No. 5 was by mistake omitted, 























TABLE II. 
: Phosphoric Tribasic Phosphate Lt Volatile 
pludge: Nitrogen. cdl of canes Lime. Matter. 
A Lb. Lb. Lb. Lb. Lb. 
No. 1 - - - 40°0 39°13 85°30 40°34 858°90 
peter ee - - - 16°2 13°79 30°06 423°93 429°45 
ai eo - - 27°76 20°17 43°97 218°95 632°88 
Pru - - - 9°48 24°48 53°37 491°52 289°46 
8 = < - 20°86 14°83 Soleo 197°74 550°13 
2) 0 - - - 98°45 . 21°55 46°98 144°82 658°91 
aon th - = - 20°00 17°76 38°72 929°64 614°95 











7 = a 


OX E————<—— = 


No. of 
Plot. 


OM TOORwWNHR 


loon ee eS 
w pro 


= 
i 


15 
16 
17 
18 
19 
20 
21 
22 


24 
26 


27 
28 
29 
30 
31 
32 
33 


34 


* Cost estimated on the following prices: 
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Taste III.—Tue Campripce ExpERIMENTS. 















































pita ore Yields of hay per acre. 
cost O 3 
Treatment (per acre). Arti ficial Remarks. 
Manuring. | A Plots. | B Plots. | Average. 
Shillings. Cwt. ar wt. .| Cwt. qrs. 
Weideeteeni7s4ib. -- 2 - ne feet ee Soar ae 
tf NOK Gs” sy has = 27. SOY (Sans Os 8r 
GP ANOe Os, me 35 0 = DA Mao pio omaGee ie abo os 
Oa ae =) he 4 | 21 2 | 14 2 | 18 0+ 1 + The Duplicate 
” No. 3, ” ¥ = y er | 23 1 18 3 21 O Plots are un- 
3 NO. 2, pe ©) = Y Bie sO yen1O # sia oO maa even. 
eae ee = 40 lbe Nitro- 
gen (N.) - - — oe) eis 22 0 Ores Pee 
Sindee No. 1, 862 ihe =a) Ib. N. 2 msl 23 0 22 3 29: 3 
a NO L 862: lb. = 20 lb. N. | 
applied in Spring : ae - — Ze Get 20 193 21.3 
Unmanured~ - - - - -— ae een 23° 0 I 93° 2+ | t Average of 
Sludge No. 1, 2,586 lb. = 60 lb. N. — 94.1 ¥83 Bor 300 20a three Plots— 
Siudge No. 1, 1,724 lb. = 40]1b.N. 4 ; Nos. 10A, 105, 
Sulphate Amm. = 20 1b. N. - - a rs is a3 0P 4 Sie 2 and 29. 
Sludge No. 1, 1,724 ib. = 40lb. N. it 
Basic Slag = 8:88 Ib. a0), Ie = 1 9627/0 ws Dah 
Sludge No. 1, 1,724 1b. = 40 Ib. N. + 
Sulp h. Amm. = 20 lb. N. + Basic 
Stee = 8&8 lb. P.O; - 12 1: rn”) Bienes. 29 7) 1 
Basic Slag = 8°88 lb. P.O, - - 1 TS 22D 210 
ties. 16. 1b. P.O, Cy Pe 2 24. 0 25 9 24 3 
Sulphate of Ammonia = 20 1b. N. - 11 297 70 28 «(0 28 2 
=40lbN.  - 22 S00 2 RD Ss 33) 
Basic Slag = 17°76 lb. PO;, -+ os 
Amm. = 20 lb. N. 13 HPI. | 0 oo iS sity. Al! 
Basic Slag = 17°76 Ib. PO, oe Sulph. | 
Amm. = 40 lb. N. 24 39g 40 1 a9) we 
Basic Slag = 8°88 ib. P.O; + Sulph. 
Amm. = 40 lb. N. eae ee 23 SOAS 34. 3 a7 1 
Basic Slag = 8°88 Ib. P, 0, + Sulph. 
Amm. = 20 1b. N. - - - 12 32 3 Oe 2 30720) 
Lime = 440 lb. CaO - - 2 19 2 Zed 205 82 
10 tons Dung—made without the use 
of cake - - 50 29 89 19). 1 OEMS ya? 
10 Tons Dung—made with ie use 
of cake - - 50 aw 0 0) 34 1 34 Q 
10 ewts. Basic Slag - - - - 25 ae hy 26-53 25 0 
Unmanured~ - —_ Pas | — ‘See No. 10 
Super. = 40 lb. P.O; Si Sulp. Potash 
== 20 Wb. KO. + Nitr. Soda = ; | 
20 lb. N. 17 32 35 60 |} 33 2 
Super.= 40 lb. P.O; n Nitr. Soda bs | 
20 Ib. N. = 14 Dida SOME lh, ola mucin 
Sulp. Potash = 20 Ib. KO + Nitr, | 
Soda =201b. N. - 16 Rian eS Pa) Bra AS) 238" 
Super. = 40 Ib. PO; + Sulp. Potash | : 
= 20 lb. K,O. 5 24. 3 238 tee | 4 Be 
Super. = 40 ‘tb. P; ,0;+S8ulp. Potash | 
= 20 Ib. K,0+ Calcium pe de | | 
20m Na f= 5 => Fa 20a ook e) | 





Sulphate of Ammonia £12 10s. 


per ton; Nitrate of Soda £11 per ton ; 
Sulphate of Potash £10 per ten ; Basic Slag £2 10s. per ton; Superphosphate £2 15 per ton; Lime 9s. per ton; and Farm 
Ward Manure 5s. per ton. 
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TasLE LV.—SHow1InG GENERAL SCHEME oF 











































































| es 
jb 2 near ke 5 6 7 8 9 ‘ 10 fy 
; ) é 
cad Aberdeen. Glasgow, Newcastle-on- Leeds. 
= West of Scot- Tyne. Department of 
q Marischal land Agricul- | Armstrong Agriculture. 
/ | = College. tural College. College. The University. 
| 3 
e coe mH of bal Hof 
he ey fe OD & © DB 
‘Ss Gas Sb : br 
= =} Oe ARTS) VS S 
Sg 5 Peg pst : ' roe 
| Ss <q So o ws 2 ge aS 
| + Or) (3) Od 
: eis Saul . | S84, | ee ee 
<q = fe ata = 2 a ’ 5 3 = 
al a ~ 2 3) Te ite 5 ao 5 nA 5 Ho 
55) iS) : e 3 ais 3S ° 3S os eo 3° 
ce a a g a pees a 6 bs | oh S 
4 ‘ 6 = “o 2 Doz 2 BGS & cage Ss 2 D 
| 3 S R 4 5 rte a eS op ms a> i & oD 
Oo | oo ES: 2 o a 5S) OR ngs) Os oS o z Os 
ad BP Pg Bh ee ee eee She © 
Z, BD EE yal een wo) a mH 1S By o Sea P| og ae ee 
No | lb lb. lb lb cwt. | cwt. | ewt. cewt. cwt. |. cwt. cwt. | cwt. 
1 7 LO. Hes : = 27°9 | +110 | 471 | +32] 416) Fee 1 STO oy 
AR bi tp Bee? ~ = 29°3 | +124 | 45°5 | +16 [425 | +45 | 368 | +446 / 
3. Bua oes, ae = = 25°4 | +85 [484 | +45 [536 | +156 1364 | 44:9 
4) 4 16) - - 211 | +42 | 670 | +131 | 3871 | -09 1357 7 435 
5 seis tee Nana 4 = Se | 209 | +4.0 | 543 | +104 | 397 | +17 | 318] -0-4 
6 Lae = = = = 33°0 | +161 | 521 | +8°9°7 346 | See ee 
| TD | 5 
Fhe vlad Lowi |< ay z 22°7 | +58 1532 | +93 | 416 | +36 1357 | +35 
Su ieee Beret = - 23:6 | +67 1543 | +104 | 399 | +19 1395 | +03 
9 1 862 | Applied in Spring. 22°71 +5°2 1 50°5 +6°6, | 41°4 +34 | 368 +4°6 
10 | Unmanured - ~ = 21°2 - 43°0 - 38°0 - SLT - 
PLOT 2586). a ae 330 | +161 | 538 | +99 | 399 | +19 | 33°90 | +17 
| | : ; ; ; 
VOPR Te Sd 00-4 ees - | ll | 3b4 | +145 [591 | +15°9° 1446 | “66 arp dee 
13 ye WA at POM eh vo 50) ae 1 173 | +04 | 514 | +75 | are | +38 1337 | +15 
14} 1 | 1724., 100}, 50] .- | 12 |24¢3 | +74 | 550 | +1t:1 [ago | Baron Spon 
1 e - 50 blag 1 [| 25°0 | +81 | 42°5 | —1'4 1383 | +03 [350 ))) 49-6" 
16 aecaenh bc car na 100.) sae 2 {180 | +11, [473 5) 434-1 38:7 \° 40-9 tee ae 
ww] - | - | wo} =] °- | a1 Peoe | 433 Jers | +y4°)200 | aoe faeemimnneee 
TOM 9 ima dell 00 ~ | 22 1175 | +06 | 5% | +918 | 49:7 | +47 | 4o@ Io Ben 
| 
TO thew aul) jag 100} 100} - 13 | 32°0 | +15°1 | 64°8 | +209 | 404 | +24 | 404 | +89 
20 | - | 7 4 200} 100} - | 24 [300 | +137 | 64:3 | 4904 | 4a-5 | eae | oe 
21}; =~ | ~- | 200) 50) - | 93 | 81:4 | +145 1671 | +939 1468 1 46 nl eee 
| \ 
22); - { ~ | 100} 60; = | 12 [441 | +279 [38:0 | a4 | 45:1 5] 48a) een 
| 
23 | Unmanured - — — = ADR - 44°8 - - - I8°7 - 
| | ; 
24 I RD ae we - _ 2 1243 | +74 | 461 +29 a! 30°0 | —2°2 
/ 
O5e) os rs he * 2 |91'4 | 44:5 | 466 | +9°7 Z = 5s) jalan 
| 




















(2) 100 lb. Sulphate Ammonia=20 Ib. N. (4) 100 lb. Basic Slag=17°5 Ib. POF (c) Cost reckoned as 


for Cambridge experiments. (d) Owing to an error, sufficient of Sludge No. 1 was not retained to apply to 
Plot 9 in Spring at Aberdeen, and_in place of Sludge No. 1, 62°1 Ib. of Sludge No. 3 (second lot), containing the 
Same quantity of Nitrogen as 42°1 lb. of Sludge No. 1, were applied to Plot No. 9 on April 19th. (e) All 
Sludges applied in Spring. (7) Differences between manured and average of 3 unmanured plots. 
(7) Differences between the manured plots and the average of 15 unmanured plots. (h) Average of seven, 


——eEoooOo lc 


17 


EXPERIMENTS AND RESULTS, WITH AVERAGES. 












































LUST ED 12. 13. 14, 15 16 17 la 
Bangor. Cambridge. Harpenden. Wye. (h) 
University |Department off Rothamsted | South Eastern y Average Average 
College of Agriculture. | Experimental } Agricultural Average. of Columns of Columns — 
N. Wales. |The University} Station. College. 7 to 10. 11 to 14, 
= 
Hoos HS Hos ae Hf mf Hf 
ea 2 a ir pet .- a 
Ne: Oo &, od Oe Ors Os oS 
Ze es 2 a © a © Se a & 
: oe £2 Me o 3 2 5 2 5 os 
5a oF BS 3 2 Se og om 
os oe os oe oe oa oe 
: oe ‘ a= : aoe : =| ' 3 ; Sq : aia! 
‘s LAE Fa I x 5 x ve x S “ = Mt a: 
eee be ef ee 8 Be) 2 Be Pas ee abe 
: A ORE CRS Rls oa gs andigices Ba ey) toe ter d Eats etl [opt sl hee Ws 
eh eS eee Bie Beto Bnei ce Ta 
ro os a) D op FS os iS’ OSs Ze Osx aS} OS oc os ° 
Peed et aA es Pies Ppa POE By] Bh Age Ppa bs ero Tenens Aen 
ewt. cewt. cwt. cwt cewt. ewt ewt, cwt. cwt. ewt cwt. cwt cewt. cwt. 
30°8 —1'2 ] 26°0 +2°6 | 43°8 +4'0 | 43°6 —74] 373 +3'°0 | 38°6 +70 | 36:0 — 04 1 
32°9 +0°9 | 25°7 +2°3 | 370 —2°8] 446 —6'4 | 368 =+-2"b" |) 38°5 +6°9 | 35°0 ou by! 
314 —0°6 | 25°7 +2°3 | 33°8 —6'°0 }| 43°4 —76] 373 +3°0 | 409 +9'°3 | 336 — 28 3 
34°3 +93 1 18:0 —5'4 4} 400 +0°2 | 43°0 —80 | 35°8 +15 | 377 +671} 33'8 — 2°6 4 
31°5 —0°5 | 21°0 —9°4 1 All +13 | 4671 —-49 | 35°8 +15 | 36°7 +51] 349 - 15 5 
33°6 +16] 20°2 —32] 380 —1'8 | 48°0 —3°0] 3674 +2°1 |] 378 +6°2 | 34°9 — 15 6 
30°9 —11 ] 21°7 1:7 | 34:d, - — 573 | .48'2 —-28] 361 +1°8 | 383 +6°7 | 33°8 LOM beet’ 
32°5 +0°5 | 22°7 —O7 | 35°7 —Al | 50°92 —O'8 | 36°4 +2°1 | 376 +6°0 | 35°3 - I'l 8 
31°2 -—0O'8 | 21°7 —17] 366 —3'2 | 59°6 +8°6 | 375 +32 | 37°7 +61] 373 +0°9 9 
‘ te 22°7 ) of | + é oe : 4 ; ae = 
29°5 23°2 | 36°6 48°9 34°4 34°5 34°4 10 
31°2 —0°8 | 24°7 +1°3 | 42°5 +2°7 | 582 +72] 396 +53 7 4071 +85 | 39°71 +2°7 | 11 
38°0 +6°0 | 31°5 +814 445 +47 | 48°9 —-214 41°9 +76] 43°0 | +11°4] 40°7 +43] 12 . 
29°0 =3:0-| 21-7 —17] 413 +1°5 | 516 +3°6 | 363 +2°0 | 36°0 +44] 36°6 +024 13 
300 +5'°5 | 29°2 +5°8 | 52°3 +12°5 | 58°2 +72 | 42°0 +77 | 39°8 +82 | 44°3 +79 | 14 
29°0 sila 21:0 —2°4 | 42°0 +22] 53°4 +2°4 | 35°8 +1°5 | 35°2 +3°6 | 36°3 —- O1] 15 
294] —96}) 247| +13] 395| -o3] 511] +01] 356!/ +13] 35:0] +34] 362) - 09] 16 
358 | +38] 985| +51] 436| +38] 489| —21] 380! +37] 368] +52] 392) +2:8]17 
46°8 | +148 | 33°2 +98} 516 | +11°8] 518 +0°8 | 43°7 +9°4 7 41°6 | +10°0 | 45°8 +9'4 118 
370 | +50) 302| +68] 475| +77] 448). —62] 421] +78] 444) +128] 399] +35] 19 
49°8 +17°8 } 39°7 +163 | 575 +17°7 | 45°7 —5'3 | 46°7 +12°4 | 452 +13°6 | 48°2 +11°8 | 20 
44°5 +1295 | 372) +13°3}] 529] +13°1] 448 —62] 45°3} +110] 45°7 |] +141] 44:8 +8°4 | 21 
45°3 | +13°3 | 30°0 +661 454] +56] 5174 +04] 44°8 | +105 | 466 | +15°0] 43°0 +6°6 | 22 
346 - 24°2+ 2 42°9 - 53°2 - 34°3 - 28°7t = 38°5- - 23 
39°1 +7714 195 —3°9 | 42°5 +2°7 | 52°8 +18 | 363 +2°0 | 33°53} +19] 38°5 +2°1 | 24 
363) +43] 917) -—17] 421] +23] - -~ | 323] -20] 3121} -o4] aa4sl - 3-0] 25 

















unmanured plots only. (*) Plots 24 and 25 received lime at the several centres in the following quantities : 
Aberdeen, slaked lime=-440 Ib. CaO per acre; Glasgow 504 lb, lime=431 Ib. CaO ; Newcastle (not stated) ; 
Leeds, 550 Ib. lime ; Bangor, 448 Ib. ground lime ; Cambridge, lime=440 Ib. CaO ; Harpenden, 600 lb. quick- 
lime ; and Wye, 1,300 Ib. lime. (+) Corresponds with the figure for Plot 29 in Table IIT. t) Average of 


Columns 7, 8 and 10 only.fg- (§) Average of Columns 11, 12 and 13 only. 


February, 1908. T. H. MIDDLETON. 


6225—Ap. VILL. HA 
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III.—_REPORT ON EXPERIMENTS WITH SEWAGE SLUDGE ON GRASS LAND, CONDUCTED AT THE 
WOBURN EXPERIMENTAL FARM, BEDFORDSHIRE, IN 1907. 





The principal experiments conducted at the Woburn Experimental Farm in 1906-7 were those carried out on 
the wheat crop, the methods adopted being those of pot-culture. Seven different kinds of sewage sludge were sent 
for trial, and, as there remained some quantity of each sludge after the pot experiments were completed, it was 
decided to carry out a field experiment with each kind on grass, on a somewhat similar line to that adopted in the 
field experiments instituted in other parts of the country, by desire of the Royal Commission on Sewage Disposal. 


The quantity of material left for disposal being, however, but small, these field experiments had to be on a less 
extended scale than in the other cases. In place of plots jth acre as recommended, only 75th acre could be given, 
and the number of different plots had also to be greatly reduced from those set out in the original scheme. 
Eventually eleven plots of ;,th acre each were marked out in Broad Mead, a field that has long been in grass, but 
which can only be described as of moderate quality. 


The field is on the junction of the lower greensand with the Oxford clay, the soil partaking of the character of both 


formations. 


The original scheme provided for the application of the sludges in question to supply 40 lbs. of nitrogen per acre ; 
this was accordingly adhered to, and seven plots were respectively dressed with each of the seven different sludges 
at the rate suggested. Other three plots were dressed, with ordinary mixtures of artificial manures, and a fourth was 
left unmanured. Inasmuch as lime entered largely into the composition of some of the sludges, lime was used in the 
comparative plots with the exception of the unmanured one. The arrangement was as follows :— 


Plots 1-7.—Each dressed with one of the respective sludges. 

Plot 8.—Superphosphate, 3 cwt.; lime, 5 cwt. per acre. 
»  9.—Untreated. 
», 10.—Superphosphate, 3 cwt.; lime, 5 cwt.; sulphate of ammonia, ? cwt. per acre. 
» 11.—Superphosphate, 3 cwt. ; lime, 5 cwt.; sulphate of ammonia, 14 cwt. per acre. 


Analyses of the various sludges at the time of their application were made, and gave results as follows :— 


iL 2. 3. 4. e 5 6. yi 
Moisture - - - - - 8°04 27°28 14°01 38°50 11°38 3°55 14°04 
*Organic Matter - - - - 52°12 20°33 34°27 12°87 28°79 36°52 29°84 
Oxide of Iron and Alumina - 10°67 2°82 8°26 S17 13°81 15°70 7°40 
+Phosphoric Acidp- -..-" | a & 2°40 1°06 1°53 1°46 0°98 153 0°96 
Lime - - - - - | 3°87 26°67 14°76 25°17 12°42 9°48 - LIGHT § 
Alkalies, magnesia, &c. . 2°42 14°37 10°44 13°02 18°86 8°26 13°17 
Insoluble siliceous matter - - 20°48 TAT 16°73 5°81 13°76 24°96 16°42 





——— | | | | | 


100°00 100°00 100°00 100°00 100 00 100°00 100°00 


a in i i ng 5 


*Containing Nitrogen - - 2°24 0°91 1°56 0°53 1°49 1°42 , 103 

Equal to Ammonia~ - - - 2°72 111 * 189 0°64 181 1°72 Pee 

+Equal to tribasic phosphate of 523 pe | 3°34 517 2°14 3°34 2°09 
lime. 











From the above analyses it will be seen that the sludges varied considerably, both in regard to their relative states 
of dryness and to their chemical composition. 


Thus, the moisture ranged from 3} per cent. (No. 6) to 383 per cent. (No. 4) ; the organic matter from 12‘8 (No. 4) 
to 52 per cent. (No. 1); phosphoric acid from just below 1 per cent. (Nos. 5 and 7) to nearly 24 per cent. (No. 1); 
lime from 3°8 per cent. (No. 1) to 26°6 per cent. (No. 2) ; ammonia from ‘64 per cent. (No. 4) to 2°7 per cent. (No. 1); 
dastly the siliceous matter showed considerable variations. These differences depended a good deal upon whether lime 
had been used or not in the preparation, and to what extent. Omitting the consideration of the value of lime for certain 
classes of soil, No. 1 sample would be, numerically considered, the most valuable, and No. 4 the poorest of the series. 
Inasmuch as the quantities applied per acre were regulated by the amounts of nitrogen supplied, so that 40 lbs. nitrogen 
per acre should be given in each case, the quantities applied per plot varied very considerably. Thus, while Plot 1 
received 16 ewt. only per acre, Plot 2 required 39 cwt., and Plot 4, 67 cwt. This brought the actual amounts of organic 
matter somewhat more equal in each case, but gave great differences in respect of the lime and also of the phosphoric 
acid, It is hard, indeed, to say exactly on what basis materials so different as these should be compared. ; 


Two of the main points of the inquiry being, as I understand, to ascertain : (1) What the manurial value of these — 


sludges is ; and, (2) whether, by their nature, they possess any distinctive value not shared in by artificial manures, 
I added, in my experiment, four other plots of the same size, one of these being untreated, and the other three being 
dressed with superphosphate or with superphosphate and sulphate of ammonia, in quantities much as they would be 


applied in practice, But, as the soil was known to be poor in lime, and as lime entered to a material extent into the — 


composition of the majority of the sludges, I added lime to the application of artificial manures, for otherwise any 
benefit shown might have been solely due to the presence of lime. / 


In the case of Plot 10 (with ¢ cwt. per acre sulphate of ammonia), the actual weight of nitrogen given was only 
16°8 lbs. per acre, and in that of Plot 11 (14 ewt. per acre sulphate: of ammonia), 33°6 lbs. per acre, as against 
40 Ibs. on the sludge plots. The phosphoric acid applied through the 3 cwt. of superphosphate was 43 lbs. per acre, 
as against 43 lbs. in sludges No. 1 and No. 2, while the lime given in the 5 cwt. per acre on Plots 8, 10, and 11, came 
to about 450 lbs. per acre, this not exceeding the lime supplied in the other sludges with the exception of No. 1, which 
gave 72 lbs. only per acre, it being much poorer in lime than any of the others. 
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The costs of the artificial dressings were as follows :— 


Plot 8.—Superphosphate and lime - - - - - - - - - about 12s. 6d. per acre. 
» 10.—Superphosphate, lime, an1 3 cwt. sulphate of ammonia - - - pao LBs Cele 550 ae es 
», 10.—Superphosphate, lime, and 1} cwt. sulphate of ammonia - - - We S08: Cds 337°) 3; 


In order that a proper comparison may be made of the value of the different sludges, one requires to know what 
these respectively cost to produce, or, at least, what their selling value is. Without this, it is impossible to come to 
any conclusion of value. To know merely that this or that material is capable of producing a certain increase in crop 
is not enough ; one must know at what cost this increase is procured. Not having before me these particulais (I do 
not know even if they are available), I could only frame a comparative experi nent with artificial manures, at known 
cost, which would supply approximately the same quantities of the main fertilising ingredients as the sludges would. 


The plots were chain-harrowed and rolled before any of the applications were put on. The different sludges were 
distributed by hand (owing to the smallness of the plots) on February Ist, 1907, the superphosphate and lime being 
applied at the same time to Plots 8, 10, and 11, but the top-dressings of sulphate of ammonia were not given until much 
later, viz., April 25th. 


All the sludges, with the exception of Nos. 2 and 4 (which were rather “ sticky ” in nature, and would in practice 
be rather difficult to sow), were in fair condition and could be easily manipulated. Very little rain fell during the months 
of February and March, the recorded rainfall at Woburn being only *99 inch for February, and *83 inch for March. In 
April, however, there was much more, and on April 12th, °44 inches of rain fell, this being the first real washing which 
the manurial applications received. This fact and the absence of warmth by which the season was marked no doubt 
militated much against the sludges exercising any decided benefit, and it is, indeed, very probable that the results now 
recorded cannot fairly be taken as a guide to the real or relative values of the sludges. In all experiments conducted 
on grass land it is unfair, and often misleading, to take the results of a single year as conclusive, and especially is this 
the case when an abnormal season like that of 1907 enters into the calculation. 


During March and April no differences were discernible on the several plots, and it was not until after the applica- 
tion of.the top-dressing of sulphate of ammonia on April 25th that any change could be seen. Early in June the Plots 
10 and 11 (to which sulphate of ammonia had been given) began to show a darker colour, and to exhibit a coarser 
growth of herbage than the rest. This continued throughout until July 11th, when the grass on all the plots was cut 
and made into hay. Plot 11 (superphosphate, lime, and 14 cwt. sulphate of ammonia per acre) in particular gave a 
large crop of coarse grass. The plots, being small, were mown by hand, the hay being ready by July 15th, when the 
weights were recorded. in the field. The results were as follows :— 


Welcuts or Hay Per AcreE, JuLy 15x, 1907. 


























| * Application per acre. Tons. | Cwt. Qrs. Lbs. 
1 Sludge No. 1 (= Nitrogen 40 lbs.) - =! . - al 19 3 18 
2 . Soe AS S% AAMAS AGS sR, sam eae Baer ae 2 3 1 26 
3 i Sk eee he ueb ap Liv ee Rian aia tie Nl 2 3 1 16 
4 ‘ ee CMe s WARNE ob) ee. aN 2 4 1 14 
5 Pe (ale gy amt gra I ae ait} a a ee 2 3 1 26: 
6 e ps ay Be a a kd 2 2 3 12 
7 ae alee an au) oe - ° - - - 2 7 0 26 
Superphosphate, 3 ewt. ; Lime, 5 cwt. - - - . 2 5 1 22 
No treatment - - - : = - - : 2 6 2 4 
10 Superphosphate, 3 cwt.; Lime, 5 cwt.; Sulphate of 
Ammonia, ? cwt. - - - - - - - 2 8 0 24 
re Superphosphate, 3 cwt.; Lime, 5 cwt.; Sulphate of 
Ammonia, 14 cwt. - - s 2 - - - 3 3 9) 24 








The differences between the first six plots are not marked ones, the produce ranging between what is virtually 
2 tons per acre (Plot 1), and 2 tons 4 cwt. (Plot 4), differences no greater than one would expect to find in the case 
of duplicate plots on the same land. Plot 7 gives about 3 ewt. of hay per acre more, but this, when compared with 
the untreated Plot (9), shows practically no increase distinctly due to the manuring. The same remark applies when 
Plots 8 and 9 arecompared. Seeing that the main difference between Plots 1 and 4 is that the application on the former 
is richer in nitrogen and poor in lime, while that on Plot 4 is rich in lime, one might be disposed to attribute benefit 
to the use of lime. Such conclusion, however, is discounted by the fact that Plot 8 (superphosphate and lime) gives 
but slight increase, and is, in turn, lower in produce than Plot 9 (untreated). The only real conclusion to be come 
to is that, in the decidedly exceptional season of 1907, the applications had no fair chance of acting, and that any 
differences shown in the case of Plots 1-9 were not really to be attributed to the particular applications made, but 
rather to chance. Further, that another season, and probably more than one, would be required before any 
adequate conclusion could be drawn. 

Coming next to Plot 10. Here there would appear to be a slight increase. This, possibly, may be a “‘ chance ”’ 
one like the rest, but I am inclined to think, especially when it is taken in conjunction with Plot 11, that the more 
quickly-acting top-dressing of sulphate of ammonia has effected a certain increase in the crop. This is much more 
marked when we come to the last Plot 1l—on which sulphate of ammonia in larger quantity was used, for here there 
is an undoubted increase, amounting to about 16 cwt. per acre over the unmanured produce. The appearances of the 
Plots 9 and 10 during the period of growth quite bore this out. j 

There is, I think, little more to be said than that, for all practical purposes, the sludges did not “tell” during this 
season, but that they require longer time to show their influence, and that the only clear benefit was to be traced to 
the more quickly-acting (because more soluble) material, sulphate of ammonia. That. even this increase will, in the 
end, be a beneficial one, is by no means certain, for the mere “ flushing ” of a grass field to give an extra cut for hay 
by no means results necessarily in the improvement of the pasture permanently. . Here, again, continuation of the experi- 


h is called for. 
ment for other years is calle 2 J. AUGUSTUS VOELCKER. 
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IV.--EXPERIMENTS WITH SEWAGE SLUDGES CONDUCTED AT THE POT-CULTURE STATION 
OF THE WOBURN EXPERIMENTAL FARM IN 1907. 





The Royal Agricultural Society of England, on being approached by the Royal Commission on Sewage Disposal 


to carry out some experiments on behalf of the Commission at the Society’s Pot-Culture Station, Woburn, gladly under- 
took the same, and the following is an account of the work done in 1907. 
There were seven different kinds of sewage sludge, in respect of which it was desired to ascertain the general and 


relative manurial value when used as applications for a wheat crop. The resources of the Woburn Pot-Culture Station 
lent themselves well to the carrying out simultaneously of the large number of comparative trials necessitated in such 


an enquiry. 
After consultation, it was decided to compare not only the influence of one kind of sludge as against that of another, 


but also to compare this in each case with that produced by an application of artificial manure supplying practically 
the same fertilising ingredients and in the same amount. 


It was further decided that, after the wheat crop was gathered, the experiments should remain and, possibly, be 
carried on for a second year. 


The seven lots of sludge—marked No. 1 to No. 7—were sent to Woburn and were received there on November 
2nd, 1906. ‘ 


Analyses of them were made just before they were about to be used, and the results (which it may be said, were 
in close agreement with other analyses made by Dr. McGowan) were as follows :— 








—— 1 2 3 4 5 6 Ho 
Moisture - - - - - 8°04 27°28 14°01 38°50 11°38 3°55 14°04 
+Organic matter and loss on heating 52°12 20°33 34°27 12°87 28°79 36°52 29°84 
Oxide of iron and alumina - - 10°67 2°82 8°26 317 13°81 15°70 7°40 
*Phosphoric acid - - - - 2°40 1:06 133 1°46 0°98 1°53 0°96 
Lime - - - - : - 3°87 26°67 14°76 25°17 12°42 9°48 lege koe 
Magnesia, alkalies, carbonic acid, 2°42 14°37 10°44 13°02 18°86 8°26 13°17 
&e. 
Insoluble siliceous matter - - 20°48 TAT 16°73 5°81 13°76 24°96 16°42 
100°00 100°00 100°00 100700 100°00 100°00 100°00 
*Equal to Tribasic phosphate of aga 2°31 3°34 sii 214 3°34 2°09 
lime 
+Containing nitrogen - - - 2°24 0°917 1°56 0°53 1°49 1°42 1°03 
Equal to ammonia - - - O72. 1113 1°89 0°64 1°81 1°72 1°35 
Nitrogen present as salts of am- 0°301 0°054 0161 0°113 07139 0-081 0°080 
monia | 




















Between the seven samples there were considerable differences noticeable. Thus, Nos. 1, 6 and 7 were nearly black 
in colour, No. 5 was brown, and Nos.2, 3 and 4 varied from dark-grey to nearly quite white. There were also differ- 
ences in their condition. No. 4 was distinctly damp and sticky, and its condition was such that a farmer would have 
some difficulty in distributing it at all evenly. All the others, however, could have been dealt with quite easily ; of 
them No. 2 had the most moisture (27} per cent.), while Nos. 1 and 6 were the driest. 


The analyses brought out further marked differences, all showing dependence upon the extent to which lime had 
been used in the preparation of the sludge. Thus, while No. 1 seemed to have had no lime added in the making, Nos. 
6, 5 and 3 had moderate amounts, No. 7, rather more, and Nos. 4 and 2 the most. Accordingly, No. 1 was much 
the richest both in nitrogen and phosphates, while Nos. 4 and 2 (which contained the most lime) were poor in nitrogen. 
A further examination of the nitrogen contained showed this to be present to but small extent in the form of available 
salts of ammonia. There were also considerable variations in the amounts of clay and sandy matters present. 


In arranging the details of the experiment, the first consideration was the basis on which to compare the different 
sludges ; should this be the nitrogen, the organic matter, the phosphoric acid, or the lime they severally contained ? 


Where such marked variations of composition existed, it was impossible to combine all these different features, and, ~ 


inasmuch as sewage sludge was believed to be useful mainly because of the nitrogenous organic matter it supplied, it 
was decided to regulate the applications by the amount of nitrogen which would be contained in them. This quantity 
-was 40 Ibs. of nitrogen to the acre, it being also the amount adopted in the other (field) experiments conducted through- 
out the country at the instance of the Royal Commission. 


At the same time it was recognised that, when experimenting with a light sandy soil such as that at Woburn, very 
poor in lime, it might make a considerable difference whether the sludge applied contained lime in any quantity or not. 
As this influence, however, could be checked by experiments with artificial equivalents of which lime was a constituent, 
this was provided for in the arrangement of the details. 


The next point was—with what materials could the artificial equivalents of the sewage sludges be best made up ? 
Inasmuch as the sewage sludges supplied nitrogen mainly in an organic form, it was considered well to use as an equiva- 
lent some organic material, such as rape dust, which would yield up its nitrogen slowly on decomposition. The phos- 
phates were supplied by superphosphate, and lime was added when requisite. Buxton ground lime was the kind 
employed. The question of potash or other alkalies supplied in the sludge did not enter at this stage. 


Ee ee 
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The first two parts of the experiment, accordingly, resolved themselves into :— 


_(a) A comparison of the manurial effect, on the wheat crop, of one kind of sewage sludge as 
against another, when these were respectively applied in quantities calculated to supply 49 lbs. of nitrogen 
per acre. : 


(b) A comparison of the effect of each individual sludge with that of an artificial dressing composed of 
superphosphate, rape dust, and lime, calculated to supply the same amounts of phosphoric acid, nitrogen and 
lime as did the corresponding sludge. Each of the experiments was to be in triplicate. 


While, however, the idea underlying the enquiry was not primarily that of obtaining the money value of the sludges, 
it was thought well to combine, with the foregoing, another series in which, by the use of ordinary artificial manures 
such as the farmer could readily purchase, a comparison might be made of the approximate cost at which crop increases 
would be obtained by the sludges and by artificial manures at known cost. This comparison, however, could only be 
be a partial one, seeing that no particulars whatever were forthcoming as to the actual cost of producing the different 
_ sludges in the form in which they were sent to Woburn, or as to the prices at which they were obtainable by the farmer. 

In one sense sewage may be regarded as a material, not of profit, but to be got rid of at the lowest possible expendi- 
ture; but, even adopting this view, it is necessary to know the comparative cost of each method employed, before the 
agricultural benefit in increased produce can be set down as a material item. However, the particulars were not at 
hand, and so the present experiment cannot be regarded as deciding whether it “‘ pays ” to employ sewage sludge, but 
only how far one kind of sewage sludge is superior to another in its agricultural results. 


_ In order to meet, so far as was possible, this further question of approximate cost, a third portion of the experi- 
ment was devised in which the sludges were used in equal weights—2 tons per acre—and compared with such ordinary 
dressings of artificial manures at known cost as a farmer would be likely to employ. The artificial dressings 
were arranged as follows :— 








A. B, 
* Cost (say.) Cost (say.) 
2 ewt. Superphosphate - : . 6s. 3 ewt. Superphosphate - - - 9s. 
5 ewt. Lime - - - - os 5s. 10 cwt. Lime - - - - 10s. 
3 ewt. Sulphate of Ammonia - 9s. 1 cwt. Sulphate of Ammonia 12s. 
20s. 31s. 


These quantities were to be used per acre, while 2 tons of sewage sludge per acre might be taken as the approximate 
amount which a farmer would be likely to apply for a wheat crop. These experiments were also in triplicate. 


The three parts of the experiment accordingly were :— 
(a) A comparison of one sludge with another when each supplied 40 lbs. of nitrogen per acre. 


(b) A comparison of each sludge with an artificial dressing containing the same amounts of phosphoric 
acid, nitrogen and lime per acre. 


(c) A comparison of each sludge, used at the rate of 2 tons per acce, with artificial dressings costing 
respectively 20s. and 31s. per acre. 


In this way it was hoped to answer, among other questions, the following :— 


Is there anything in the particular form in which nitrogen and organic matter, for example, are present in sewage 
sludge, which renders thém superior to nitrogen and organic matter supplied in other forms? Is there any mechanical 
or physical benefit to the soil derivable from the employment of sewage sludge ? If there be benefit, is it increased 
or diminished by the sludge being in a moist or in a dry condition ? Is the use of lime in the preparation of the sludge 
an advantage or the reverse ? 


With these questions before us, the experiments were begun at the Woburn Pot-Culture Station. They involved 
the use of sixty-nine pots, each trial being in triplicate, in order to minimise the risk of error. The different 
materials to be used were analysed and the quantities to be applied were calculated from the analyses. Analyses of 
the sludges have been given already; the mineral superphosphate gave 28°96 per cent. of “‘ soluble phosphate,” the 
rape dust 5 per cent. of nitrogen (6°07 per cent. ammonia), and the Buxton lime 92°21 per cent. of lime (CaO). 


The general method of procedure in carrying out pot-culture experiments at Woburn has been so frequently set out 
in the Journal of the Royal Agricultural Society of England that it is unnecessary to repeat the details. It will be sufti- 
cient to say that, in most cases, each pot used in the experiments held 40 lbs. (18:14 kilogrammes) of soil, the 
remaining ones $2lbs. (14°51 kilogrammes) each. Whenever additions were made to the soil, this was done at the 
outset, by thoroughly incorporating the added material, be it sludge or artificial manure, with the last 8 lbs. of soil 
filled into a pot. In the third part of the experiment—where sulphate of ammonia was used—this salt was not given 
until the spring, and was then top-dressed (April 25th, 1907). 


The soil used in the experiments was the ordinary soil of Stackyard Field, and taken from the headlands. 
An analysis of it gave the following figures (soil dried at 212° F.) :— 


* Organic matter and loss on heating - - . - - : - - - - 3°80 
Oxide of iron” - - - - - - - - > : - - - - - 411 

Alumina -~ - - - - - - : - : - : - - - - 2°47 

ei ae ai . a ee ia es . - : seuavaers . - *38 

Magnesia - - - - - - ‘ - : - - - > - : - 132 

Potash > - - - - - - : - - - - - - - . 30 

Soda - . - ° - - - - - - - ae es - : - - “ll 

Phosphoric acid - - - - - - - - - - : : : - . “16 

Insoluble siliceous matter - : - - - - - - - : : : - 88°35 

100-00 

*Containing nitrogen - - - = = : : - - - - - - - .14 
Available phosphoric acid (in | pete cen’. citric acid) - - : - ~ - z A - ,023 


Available potash (in 1 per cent. citric acid) - - - = 2 - - : : P - .012 
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As the pots were not throughout of one and the same size, “ control”’ (untreate1) pots were arranged for each of 
the two sizes used. To give an idea of the actual quantity of material used, it may be said that the following were the 
weights of sludge required per pot, in order to give in each case 40 lbs. (18°14 kilogrammes) of nitrogen per acre. 


Sludge No. 1 2 3 4° 5 6 7 
Grammes per pot : © 3. 30°0 17-6 51°9 18°5 19:4 26°" 


To give 13-14 kilogramms nitrogen per acre in the form of rape dust (containing 5 per cent. of nitrogen), it re- 
quired the employment of 5°5 grammes of rape dust per pot. The amount of superphosphate per pot varied from 1:36 
grammes in the case of sludge 5 (equivalent of) to 5°69 grammes in the equivalent ot sludge 4; the amount. of lime 
varied from “461 grammes (equivalent of sludge 1) to 13-04 grammes (equivalent of sludge 4.) 


The filling of the pots was completd by December 5th, 1906, and on the following day they were sown with wheat, 
the variety used boing “* Square Head’s Master.” Twelve seeds were sown in each pot, and after the plants came up 
they were reduced in cumber to six per pot, these remaining throughout. O04 pam 


“~ The weather at commencement was very unfavourable, and in no case did the shoots appear until January 10th, 
1907. ‘Ths thinniag-out t six plants per pot was done on April 11th ; a comparison of the rootlets of the plants then 
removed showed very little difference between one sludge and another, but in each case the artificial equivalents had. 
given the larger and stronger root growth. 


About April 22nd the first change in appearance showed itself, the sladge-grown plants being then slightly 
in advance of the untreated (“ control’) ones, and the flag presenting a darker colour. The plants of sludges 1 and 4 
were the best of the series. On April 25th the top-dressing of sulphate of ammonia was applied in the third series (equi- 
valent of 2 tons of sludge per acre). 


By May 24th further difterences were noticeable ; the equivalents were in most cases rather stronger than the 
corresponding sludges. Of the sladges, No 2 alone seemed no better than the untreated lot, the others generally show- 
‘ng improvement. Of these sludges 4 and 5 were about the best, then 6 and 7, then 1. 


Growth was rapid from now, and in each case the “ equivalents ” went to the front,.and by June 20th, sludge No. 
2, which up to then had been behind the others, shot ahead and was the best of the sludges. Sludges 4 and 6 had. 
very irregular plants. As ripening proceeded, the most noticeable point was that the straw was distinctly shorter in 
the case of the “equivalents ” than with the sludges themselves ; this held good in every case. The vntreated lots 
ripened off first, then the sludges, and lastly the equivalents. Photographs and measurements of the plants were taken 
just before harvesting, this latter being done on August 28th, the corn being subsequently threshed out and weighed. 


‘The results are set:out in the accompanying table. 


SEWAGE SLUDGE EXPERIMENTS, WoBuURN, 1907, ON WHEAT (POT-CULTURE). — 


Ilarvest Results, giving average length of ear and straw, average number of ears and grains, average weight of corn 
and straw, etc. 


















































ag Avoragglength] Average aum-| Average. | peroentage of 
Series. Rete: Treatment. untreated. 
ear. | straw.| ears. | grains.| corn. | straw.| corn. | straw. 
inches, | inches. grms, | grms. % a, 
Ateeyar 4 No treatment (control) - =o) 62°88 rp-36'60..| . 14:5 545 25°19 | 42°07 | 100 100 
| 3 | SludgeNo.a + = © - | -o-gate3731-]- 15°3- | 528 | 95°26 | 46-96 | 1003-4 11-6 « 
3 = » artificial equivalens | 2°92 | 33:90 | 17 582 | 30°22 | 51°94 | 119°9 |. 123-5. 
3 Sludge No. 2 - - - =P 92°82" 36°38 17 628 30°96 | 49°45 | 122°9 | 117°6 
3 3 » artificial equivalent 2-91 3) 31-98 1573 581 29°84 48°13 | 1185 | 114°4 
romney Sludge No.3 - = = | | 2°85 | 35°72 | 15°7 | 579 | 27°92 | 46°24 | 110°8 | 109'9 
"3 » 9, artificial equivalent | 2°82 | 33-60} 17 553 | 28°59 | 48°59 | 113°5 | 115'5 
3 Sludge No. 4 - - - - 2°80 | 35°70 16°6 |) 582 30°45 | 48°82 | 120°8 | 1161 
3 Mf » artificial equivalent | 2°83 | 32°72 176 573 30°42 | 52°31 | 120°8 | 124°4 
3 | Sludge No.5) ls cee ee |, 277-1988°40 |..15°7 | 555. | 26°39.| 48°06 | 1048 | 114-3 
3 Be » artificial equivalent | 2°85 | 35°64 | 18°6 619 | 3063 | 54:29 | 121°6 | 129°0 
De 2 No treatment (control) - -| 2°70 | 37°30} 11 393 | 16°97.) 32°30 | 100" |° 100 ~ 
3 Sludge No. 6 - - - - 2.61 | 37°50 saree 433 19°20 | 36°80 | 113°1 114°0 
3 - » artificial equivalent | 2°83 | 37°50 | 15 | 566 | 25°65 | 45°27 | 151°7 140°2 
3 |SludgeNo.7 - - - -| 2°80] 3820| 107 | 421 | 1871 | 33-25 | 110-7] 103°0° 
é » artificial equivalent | 2°81 | 36°20 | 1675 569 26°25 | 45°96 | 154°7 | 143°3 
C 3 No treatment (control) - - | 2°69 -| 34°30 | +10 356 | 13°73 | 25°68 | 100 100 
2 Sludge No. 1,2 tons peracre -| 2°81 | 35°30] 105 | 357 14°08 | 28°26 | 102°5 | 110°1 
ras oN Sea -| 2°75 | 3440] 103 | 341 | 14°80] 29°04] 107-7) 1137 
lad NO. oe ee -| 2°74 | 37°80 | 11°7'| 401 | 16°67 | 35°01 | 191-4") 1363 
er: Superphosphate, 2 ewt. ; lime,| 2°71 | 35°30] 147 | 525 22°90 |. 39°79 | 166°7 | 154°9 
5 ewt.; sulphate of ammonia, fi i 
2? cwt.; per acre—cost 20s. 
3 Superphosphate, 3 cwt. ; lime,| 2°72 | 3220] 143 | 514 | 24:20] 38:08] 176-2 1483 
10 cwt. ; sulphate of ammonia, 
1 cwt. ; per acre—cost 30s. 














* 40 lbs, soil per pot. + 32 lbs. soil per pot. | 
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In compiling the results as set out in the Table, it has to be remembered that each separate experiment v 
triplicate ; there were, for example, three pots in which sludge No. 1 was used, three in which No. 2, and so through- 
out. The three of each set were, however, carefully watched and any irregularities noted ; similarly at harvest time 
the produce of each separate pot was weighed and these compared one with another. When any decicied inconsistenc:es 
were shown, these were rejected and not taken into account in the returns. This is not only an advantage but a neces- 
sity in the case of pot-culture work ; indeed, on this careful duplication does success in large measitre depend, for, 


otherwise, misleading conclusions may easily be come to. In the present series the need of duplication was shown, 


inasmuch as in the first lot of untreated pots the corn in two of them was, from som? unknown cause, found to be 
decidedly “‘ smutty,” this making a difference of 14 per cent. in the weight. Tio take these weights as the s ndard of 
*‘ no treatment”? and to compare all the others with it would clearly have been misleading. Happily, the existence 


of a second lot of three untreated pots enabled the accidental error to be avoided and, the remaining third pot agreei?Z. 
well with the three of the second lot, an average of four pots could be taken as a fair standard of comparison. Agsin, ~> 


in the untreated pots of Series B., one had to be rejected as not agreeing with the other two; this happened also with 


sludge No. 1 in Series C. In the case of the artificial equivalent of sludge No. 7, a plont in one pot which bore four | 


stems had the ears completely eaten off by. mice, which managed one night to work their way into the enclosure. 
Happily, the damage done was confined to this one pot and it could thus be eliminated. These points are mentioned 
as showing the care that has to be observed with pot-culture experiments, in order that results may be properly com- 
parable. 


Again, it should be pointed out that in pot-culture work the same conditions must prevail throughout if comparisons 
are to be made, and it requires very little to upset the balance of such conditions. Thus, though sludges 1 to 5 are 
strictly comparable with one another, with “no treatment,” and with their respective artificial equivalents, inasmuch 
a3 the same sized pots and the same weight of soil (40 lbs. per pot) were used, it would not be proper to compare— 
except as regards “ percentage increase ’—sludges 6 and 7 with, say, sludges 1 and 2; for in the Series B. smaller- 
sized pots were used and only 32 lbs. of soil per pot. Hence, sludges 6 and 7 must be taken in connection with their 
own “‘ control’”’ series. The same remark applies to Series C. A glance at the Table, and the difference of crop results 
in tke respective “ control ”’ lots of Series A., B. and C., will exemplify this. 


EXAMINATION OF THE RESULTS. 


To examine now the results in detaiJ. In Series A. the first general point that will strike one is that, while the 
treatment has produced but little change in the length of the ear, or in the number of ears, there has been a marked 
effect upon the length of the straw, the sludge in every instance producing a longer straw than its corresponding equiva- 
lent in artificial manure. 


When, however, the actual weight of ripe straw is taken, the balance is almost as uniformly in favour of the 
artificial equivalent, this equivalent, it will be remembered, supplying the same amount of nitrogen per acre. The sludges 
and their equivalents alike give an increased yield of straw over the “‘no treatment,” this varying from 10 to about 
25 percent. In the corn there is similarly an increase of 10 to 20 per cent. in all cases above the ‘‘ untreated” produce ; 
the differences, however, between the sludges and their equivalents are not so marked, the equivalents being still rather 
the better. 


Continuing the same considerations to Series B., the same general points are to be noted, but, while the sludges 
have increased the yield of both corn and straw, the effect of the artificial equivalents has been very much more 
marked, the increases rising to 40 and 50 per cent. 


From these figures it would seem to be generally established that the use of the sludges is capable of producing 
an increase of 10 to 12 per cent. both in corn and straw over the unmanured. produce, as compared with an increase 
of 16 to 17 per cent. from the use of their artificial equivalents, when nitrogen is taken as the base of comparison. 
Further, that the tendency of the sludge is to produce a greater length of straw. 


T'o compare, next, the sludges one with another. A critical examination of the table will bring out the fact that 
the sludge which has undoubtedly produced the poorest result is No. 1, and that sludge No. 6 is but little better, 
These two stand decidedly behind the remainder. On the other hand, sludges Nos. 2 and 4—and in some respects No. 7 
—have done the best, while inferior to them are Nos. 3 and 5. 5 


On turning now to see what there may possibly be in the composition of one or other of the sludges to account 
for the differences produced, one is met by the following prominent facts :—Nos. 1 and 6 (which have done worst) 
are the driest of the samples, while Nos. 2 and 4 (which have done best) have by far the most moisture. Again, Nos. 
1 and 6 are those which contain the least amount of lime, while Nos. 2 and 4 have the most. Thirdly, Nos. 1 and 
6 contain the most organic matter and nitrogen, Nos. 2 and 4 have the least. 


It is hardly possible to leave this subject, theretore, without coming to the conclusion that these points, viz., tLe 
contents of moisture, of lime, of organic matter and of nitrogen have a distinct bearing on the results. 


Whether these influences are connected or distinct is a matter for further enquiry, but it would at all events seem 
to be made clear that lime is not without beneficial action, and that its inclusion in the process of preparing the sludge 
for use is advisable. Further, that the obtaining of the sludge in a very dry state, though it may have advantages 
in the matter of transport and keeping, is not directly beneficial from an agricultural point of view. Thirdly, that the 
value of the sludge does not depend m: inly upon its containing a considerable amount of organic matter and nitrogen. 
These two last points, indeed, may be closely connected, as it is not unreasonable to suppose that in the drying of the 
sludge so as to get it with low moisture content, the nitrogenous organic matter may be rendered less readily assimilable 
than is the case when the sludge is left in the more moist condition, Or, again, it may be that the presence of lime 
in some quantity is needed to decompose the organic matter and make it available for the plant. Or, yet again, it may 
be suggested that the nitrogenous matters as contained originally in the sludge as prepared (without lime) are possessed 
of more or less toxic properties and do not form a suitable supply of nitrogen to the plant, but require fie, auincten: 
ing’ action of lime before they can be rendered of use. At all events, it is made clear that it is not on the nitro- 
genous matter in sludges that their value is to be based, so far at least as their effect on a first crop of corn is con- 
cerned. Whether the action may not be a delayed one, is what another year’s experimental work may determine, 
end this has been arranged for. 


Lastly, in regard to cost, it will be seen from Series C. that the result of using the sludges in such quantity as a 
farmer might be expected to use them is in no way equal, when a wheat crop is taken, to that produced by a dressing 
of artificial manure costing 30s. per acre, or even one costing 20s. per acre. This would seem to point to the conclusion 
that it would not “ pay” the wheat grower to give anything like 10s. a ton for even the best of such sludges as were 
the subject of this inquiry. 


oat 


24 
CONCLUSIONS. 
Th eonclusion may be drawn from the first year’s work, so far as the wheat crop is concerned :— 


different sewage sludges, when used in quantity to supply 40 Ibs. of nitrogen per acre, are capable 
ceasing the yield of both corn and straw by 10 to 12 per cent. above the unmanured produce. 


uat “artificial equivalents” of the different sewage sludges applied as above will give rather better 
results, the increase in corn and straw being 16 to 17 per cent. over the unmanured produce. 


{3) That the tendency of the use of sewage sludges is to produce a greater length of straw. 


(4) That, as between different sewage sludges, those have done best which contain the most moisture’ and the 
most lime. Gass ee , . 


(5) That the value of sewage sludge does not turn mainly upon the amount of nitrogenous organic matters 
contained, but that these may, indeed, be in a form incapable of ready assimilation and requiring lime — 
for their decomposition. . 3A or 

(6) That, from a practical point of view, none of the sewage sludges used would be worth 10s. a ton on the 
farm, for wheat-growing purposes 


March, 1908. ‘J, AUGUSTUS VOELCKER. 
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